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Twenty-five Cents, Five Dollars per Year 


Dual highway near Paterson, New Jersey 
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@ When the four 1534” 
cables that suspend the fa- 
mous Brooklyn Bridge were 
swung from the supporting 
towers across the East River 


in the late seventies, it 





marked a real triumph in the 
engineering world. Upson iron bolts and bolt ends 
were used to hold the supporting cables. 

Today, on the other side of the continent, the Gold- 
en Gate Bridge is fast taking shape. Its span is more 
than two and one-half times as long as the main span 
of the Brooklyn Bridge. Its cables are 36 inches in 
diameter. But Upson bolts and nuts are again being 
used. This time to attach the hold down cable bands 
to the main cables and to fasten various types of 
cable clamps. 

Unlike those in the Brooklyn Bridge, these bolts 
are not merchant iron. Bridge designers, like en- 
gineers in every other industry, today demand the 
finest alloy steel where safety must not be compro- 


mised. They are two and one-half inches in diameter 
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Janu 


with lengths up to more than three feet. They 
husky bolts with a serious duty ahead of them fo: 
many generations. 

Upson bolts, nuts, rivets and turnbuckles are but: 


few of the many Republic products used in construc. 


tion. Others of note — pipe and sheets of steel, copper- 


bearing steel and rust-resisting Toncan Iron; Endur 


Stainless Steel; electric weld pipe to 16 in. O. D. 


roofing and siding; reinforcing bars; wire; nails and 


staples. Write for detailed information. 


REPUBLIC 


Republic Steel 


GENERAL OFFICES ... CLEVELAND, OHIO 
ALLOY STEEL DIVISION . MASSILLON, OHIO 


' 





BNBIR CD LL HE 





4 
j 





z 


ey are 


m for 


but a 
struc: 
)pper- 
nduro 


BSD; 


s and 





. 
os 
é 
* 


—_—__ = 


THE PUBLISHERS’ PAGE _—_ — 





THE HIGHWAY Comes of Age 


Builders’ Association again focusses attention on 
the problems and prospects “of the highway 


industry. 


[i annual convention of the American Road 


Today the observer of highway conditions senses a 
substantial change in the outlook. That change is for 
the better. Not so long ago many of our people were 
half convinced that the road building job was about 
completed. From now on, they thought, it will be a 
matter of maintenance only. 


This error was zealously fostered by groups in- 
terested in the public functions that do not produce 
revenue. To them the highway revenues appealed as 
a juicy and tempting morsel. The fact that those 
revenues were earmarked, always morally and often 
legally, for highway improvement exclusively meant 
nothing to the raiders or to some public officials who 
lacked the stamina to demand straightforward taxation 
to meet their legitimate needs. 


These active attacks on highway improvement were 
helped by the passive attitude of the vast army of 
citizens most directly and vitally concerned. And with 
this combination of aggressive attack and feeble defense, 
it looked, just a few short years ago, as though American 
highway development was due for a staggering setback. 


From this it was saved by the successful efforts to have 
road work take its very effective place in the federal 
emergency works program. And although this gave rise 
to some unfortunate excursions into day-labor and primi- 
tive methods, it is well to remember that these are but 
temporary evils and that the emergency program prob- 
ably saved the industry from more or less complete 
collapse. 


ODAY the outlook is much brighter. With the 

growth of public revenues through business recov- 
ery, the raids on highway revenues will tend to diminish. 
Daily driving over inadequate roads is bringing home 
to every motorist the fallacy of the “over-built high- 
ways” propaganda. The mounting toll of accidents 
drives home the hazards of the obsolete highway. The 
economic and social values created by motor transport 
are understood by more of the people who now see the 
efforts to obstruct its progress for what they really are. 
Farmers living on thousands of miles of unimproved 
roads want to know when they will be connected up 


with the trunk net-work. Taxpayers are becoming 
more critical of the cost and waste of day-labor relief 
work. 


But most heartening of all is the new spirit of militant 
unity that inspires those who have a stake in motor 
transport. The motorist is on the warpath and is mak- 
ing himself felt at the polls. The millions who earn 
their bread producing, selling and servicing motor cars, 
accessories, tires and gasoline, the operators of buses, 
trucks, garages and filling stations and many others are 
coming to understand that the modern, thoroughly 
adequate highway is essential number one in their very 
existence. They know that the surest way to obstruct 
automotive progress is to throttle highway development. 


LL these are coming to see that the highways are 
their highways, in which they have a huge invest- 
ment. They are learning that they can protect this 
investment only as they maintain their highways in 
first-class shape and as they extend and improve them 
to meet expanding needs. They are learning that the 
cost of owning and driving their cars also depends on 
how well they do that job. They have come to see 
that the first requirement of highway safety is a safe 
highway. 


So they are cracking down on the misuse of the taxes 
they pay to improve their highways. Some have 
amended their state constitutions to end that abuse; 
others are moving to that end. The highway users and 
the motor transport industry in all its branches today 
are awake and becoming conscious of their strength. 


So, in this new spirit and with these new allies, the 
highway industries must carry on with redoubled 
energy. Now that they are pulling with the tide their 
efforts will be more productive. But on no account 
should they relax those efforts. 


The New Orleans convention may well mark the point 
at which American highway improvement passes defi- 
nitely from the formative stage into its maturity as a 
recognized element of modern motor transport. As 
such it becomes an enterprise of vital concern to the 
millions engaged in that far-flung activity. 
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Used for all types of con- 
struction equipment and in 
every kind of structure which 
requires steel, Inland Struc- 
tural Steel has played an im- 
pressive part in American 
development for many years. 

You get Structural Shapes 
and Plates you need, when 
you need them, at Inland. 
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Caterpillar tractors at work on the Jack Rabbit Trail, Riverside Guan: Calif. 
Inland Shapes and Plates are used in building them and similar equipment. 
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Eighty-five Miles of Tunnels— New York is begin- 


ning work on the Delaware water-supply project. A major 





SORIES | element is the tunnel aqueduct 85 miles long. Next week’s 
issue will describe the preliminary shaft sinking work, and 
engineering details of the five contracts on which bids will be 


taken. 
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AMERICAN 
TIGER BRAND 
IS USED TO 


rough 
Long 


HEREVER the going is tough 
—and the need for exceptional 
dependability exists — American 
Tiger Brand Wire Rope will establish 
remarkable records for its users. 
This wire rope has proved its 
worth tn keeping equipment in oper- 
ation, in doing away with costly 
replacements and in lowering oper- 
ating costs. Experience has proved 
its superiority. Always specify 
American Tiger Brand Wire Rope. 
Convenient stocks and our nearby 
engineers are both at your im- 
mediate call. 
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Aerial Tramways 

Amerclad All-Rubber Cables 
Electrical Wires and Cables 
Tiger Wire Rope Clips 
Tiger Wire Rope Slings 
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Highway Engineering Today 


[TH the present year highway development 
enters the third decade since federal aid first 
placed it on an efficient basis, under joint fed- 
eral and state direction. Marvels have been accom- 
plished during the twenty years. The road of today 
is the creation of that short period, the product of 
keen, unremitting, toilsome labor of men in field and 
laboratory. 
lhe progress made is continuing, and by every indica- 
tion will continue, but not wholly along the lines fol- 
wed in the past. The art faces a definite change in 
objective. Heretofore the highway engineer concerned 
himself primarily with excellence of road structure. 
Now, without relaxing attention to structure, he finds 
that he must give first consideration to road operation. 
Safety and efficiency of operation will control all road 
planning and roadbuilding from this time on. 


OW well is the art of highway engineering 
equipped to meet the new _ responsibility? 
Wherein can it be improved, and what means 
of improvement are at hand? To give the answer to 
these questions, Engineering News-Record has ob- 
tained the views of an able group of highway engineers 
and students, and presents them to the highway fraternity 
1 this issue. Their analysis of current practice and 
r comment on its shortcomings should help to mark 
the course of the coming advance more definitely. 
effect they forecast the highway engineering art of 
next decade. 
\ltogether, an encouraging picture is presented with 
pect to the main features of road design. Highway 


engineers evidently are already conscious of the new 
service demand. Their current standards embody re- 
finements in respect to curvature, visibility, roadway 
dimensions and lane and access arrangements that ex- 
ceed anything known in the past. Many details re- 
main to be improved, no doubt, but already the best 
standard is far in advance of average practice and 
immeasurably ahead of the general level of service quality 
of existing roads. 


HUS, the art is well equipped for its new re- 

sponsibilities. Not only are its standards better 

but it has vastly better tools than ever before. 
Rational design is far advanced. Well-tried methods of 
analysis, extensive research into the qualities and weak- 
nesses of road materials, and, not least, a growing knowl- 
edge of the behavior of soils in the foundation and the 
body of the road, are at the highway engineer’s command. 
These new tools are rapidly doing away with his past 
dependence on trial and error. Even the keen appraisal 
of modern practice that is presented in the following 
pages scarcely does justice to the excellence of the 
modern highway designer’s equipment. 

The work that remains is to put our present high 
standards and excellent equipment to full use—to im- 
prove them constantly, but always to make sure that 
they find thorough application in the continuing develop- 
ment of our road transportation system. The future 
service of our roads will be measured by how well the 
roadbuilders of today utilize the full power of the high- 
way engineering art. 








Design for Maintenance 


Present-day road design makes advance provision for ease of upkeep and future revision and 


enlargement 


Closer coordination of design with maintenance will reduce costs and make roads 


better and safer—Regional problems call for special considerations in plans for the future 


PRESENT PRACTICE reviewed by 


DeFECTIVE PRAcTICES outlined by 


CORRELATING highway 


H. E. SurMan, Engineer of Design, Illinois Highway De parimen; 


B. H. Perry, Professor of Highway Engineering, Purdue Universit, 


EDITOR’S 
INTRODUCTION 


‘) 


the states were long held 


design and maintenance is 

an idea of recent birth. Ad- 

vance provision for future enlargement to 
fit growing traffic requirements is still more 
recent. Present conditions make both funda- 
mentally important as factors in efficient 
highway practice. 

Systematic highway maintenance dates 
back only twenty years to when federal-aid 
legislation required as a condition of federal 
investment that the roads improved by its 


secondary to those directing 

construction, Then difficul- 
ties of keeping roads in shape to serve grow- 
ing traffic made it clear that design and con- 
struction had to plan in advance for easy 
upkeep and possible enlargement. Today 
this is general practice. 

A striking picture of the changed methods 
is presented in the first of the following dis- 
cussions. Even ten years ago such listing of 
design considerations would have been im- 





help must be adequately maintained. The 
maintenance department first organized by that much more 


Highway Upkeep Recognized 
In Current Design............1.£. suman 


SAFE ROAD is the first require- 
ment of highway design. After 


safety is provided for, future 
maintenance and rehabilitation are the 
most important considerations of the 
designer. This doctrine has developed 
slowly, but it is now universal. 

Present practice among state high- 
way departments may vary widely in 
many details of design, but all are giv- 
ing attention to those features that 
make it easier and cheaper to maintain 
the highway and later rehabilitate and 
widen it to provide for future increase 
in traffic. Today, for example, the de- 
sign engineer is keeping clearly in mind 
that right-of-way and roadbed are the 
only permanent components of the high- 
way, and that these are permanent only 
if the right-of-way is wide enough to 
meet any forecast of future needs, and 
only if such design elements as grades, 
horizontal curves, superelevation and 
sight distance take into account future 
highway speeds. 

And be it noted here that the chief rea- 
son why so many of our main high- 
ways are obsolete is the low-limit speed 
laws of the past. Now that most states 


have either removed or materially 
raised minimum speed requirements in 
rural areas, the more progressive st»tes 
are designing the main roads _ for 
speeds considerably in excess of those 
prevailing today. This is the only way 
in which full consideration can be 
given to future rehabilitation while 
keeping the cost of maintenance within 
reasonable limits. 


Looking to the future 


To state the present situation in its 
broadest terms, highway departments 
are meeting the maintenance and re- 
habilitation problem by (1) providing 
minimum right-of-way widths of 100, 
150 and 200 ft. for two-, four- and six- 
lane pavements and (2) construction by 
stage methods when necessary and re- 
placing, resurfacing or widening when 
traffic demands it, without losing the 
original investment in right-of-way 
roadbed and drainage structures. 

Next, to consider the chief detail ele- 
ments of design practice, pavement 
location is given more attention to facili- 
tate maintenance and_ rehabilitation. 


possible. Yet the picture that follows shows 
still remains to be done. 


Where, for example, present traffic is 
developing rapidly enough to justify a 
forecast that four or more lanes wil 
ultimately be needed to accommodat 

it is accepted practice to construct ini- 
tially a two-lane pavement located off- 
center, to provide for a dividing park- 
way at least 30 ft. wide when additional 
lanes are paved. In location, also, good 
practice seeks a route that will facilitate 
future separation at railway crossings 
and important intersecting roads. 

In designing the pavement structure 
itself, consideration is given to adopting 
the proper width, thickness and smooth- 
ness to carry the contemplated volume 
and weight of traffic at low maintenance 
cost. Other design measures to reduce 
maintenance are: Installation of longi- 
tudinal joints separating traffic lanes so 
that longitudinal cracks will be mini- 
mized and the use of transverse expan- 
sion joints to reduce internal stresses s 
that blow-ups and heaving will not oc- 
cur during hot weather; constructing 
concrete gutters on the inside edge of 
curves that are superelevated more than 
3 in. per foot, and on grades exceeding 
3 per cent, to prevent rutting and to 
handle the surface drainage; rolling or 
tamping carth fills to prevent subsequent 
settlement of the pavement; placing un- 
derground drainage systems in cuts to 
prevent rise of groundwater and the re- 
sultant heaving of pavement in cold 
weather; and replacing unsatisfactory 
subsoil materials, such as peat, loess 
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THREE-LANE HIGHWAYS in par- 

ticular call for long sight distances; 

stabilized shoulders reduce the hazard 

of run-offs; current practice dittates a 

smoother backslope to make the full 

shoulder width available without risk 
of injury. 


and silt, with good earth or gravel as a 
safeguard against subsidence of the 
pavement. 

Going outside the paved area, present 
practice also takes into account the 
maintenance of the parts of the road- 
way that are off the pavement. The 
more important items provided are: flat 
slopes of 1 on 3 or 1 on 4 to reduce 
the amount of guard fence required and 
to permit mowing vegetation by ma- 
chinery; sodded slopes, to prevent 
erosion; adequate drainage structures to 
prevent washouts; slope wall or riprap 
protection of fills to avoid washing dur- 
ing high water; in metropolitan areas, 
underground drains, to eliminate side 
ditches; in the northern states, grade 
line raised several feet above the sur- 
rounding land and cuts widened to pre- 
vent snow blockades; location that 
avoids hillsides as far as possible to 
prevent interference by slides; stone, 
gravel or shale surfacing along the 
edges of uncurbed pavements carrying 
heavy traffic as well as on the ap- 
proaches to all intersecting roads, farm 
entrances and mail-box approaches to 
prevent the rutting of shoulders and 
tracking of earth from the shoulder onto 
the pavement. 


Coordination of Design and 
Upkeep is Lacking... Ben H. Petty 


IGHWAY officials have been 
H slow to realize the close interrela- 
tion of highway location, design, 
financing, construction, maintenance 
and operation. Experience demonstrates 
that efficient, economical and relatively 
safe higi.way transportation will not be 
obtained unless all these factors are 
considered together; yet the idea re- 
‘mains that they can be handled by 
virtually independent, non-cooperating 
departments. This policy often gene- 
rates friction and ill feeling between de- 
partments and always is a serious handi- 
cap to their effective functioning in 
developing the highway programs. 
The value of cooperation is apparent 
from the fact that a designing engineer 
can improve his technic by practical ex- 
perience in construction, maintenance 
and operation; that a locating engineer 
gains from experience in the problems 
of the designer, the constructor and the 
maintenance man. Completely separat- 
ing these departments without assuring 
coordination simply invites delay, ineffi- 
ciency, abnormal expense and public 
criticism. 


The relationship of design to mainte- 
nance and rehabilitation is especially 
important. It may be illustrated by 
specific examples relating to pavement 
structure, to traffic-service qualities, and 
to type of road. In each case it will 
appear that maintenance is collateral 
to design for other objectives. 


Structural factors 


The air waves and the press these 
days are full of accusations that engi- 
neers have failed to build safety into 
the highways. Much of this criticism 
should be dismissed with scant con- 
sideration, but there is truth in the 
statement that engineers could build 
more safety into their roads if they 
would build to reduce maintenance costs. 
This charge applies particularly to 
short-radius horizontal curves, inade- 
quate superelevation, vertical curves 
with short sight-distance and narrow 
right-of-way. 

Unstabilized Shoulders—A design 
practice that results in much mainte- 
nance expenditure is the use of un- 
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stabilized gravel or stone along the 
edges of the pavement, or the use of no 
metal at all. On 18-ft. pavements, espe- 
cially where dual tires are used on 
trucks, the outer tires get off the pave- 
ment in passing other vehicles and de- 
velop ruts which sometimes attain 
depths of 6 in. and create both a serious 
traffic hazard and an annoying mainte- 
nance task. This trouble occurs to some 
extent on 20-ft. pavements, and some 
engineers are constructing 22-ft., two- 
lane pavements where much bus and 
truck traffic is involved. Whether this 
will answer the purpose of preventing 
ruts is still open to question, but there is 
an opportunity for the designing engi- 
neer to reduce maintenance costs and 
also reduce accident hazard by widen- 
ing the slab or specifying some type of 
shoulder stabilization adjacent to the 
pavement. 

Pavement Joints—The maintenance 
of joints in concrete pavements becomes 
an increasingly costly operation as 
pavements grow older. True, we have 
not yet developed the perfect joint, but 
many greatly-improved types are now 
on the market that justify their cost 
by subsequent reduction in maintenance 
expenditure. Improperly designed joints 
use up excessive amounts of bitumen in 
joint-filling operations once or twice a 
year, and in many cases these poorly- 
designed joints tend to cause spalling 
that extends several inches back from 
the joint. The resulting wedge-shaped 
depressions are expensive to fill and 
maintain; unless adequate dowel bars 
are specified at rather short intervals, 
load transference across the joint is 
greatly reduced, which may result in 
cracks at these overloaded edges. Ap- 
parently no method has yet been devised 
for making joints watertight, and until 
such development occurs we will never 
secure a perfect joint. 

Snow Removal—In where 
snow removal is a major maintenance 
operation the designer can so locate and 
construct his grade as to minimize the 
formation of drifts on the highways. 
The removal of snow can be facilitated 
through a design calling for ample 
right-of-way width to provide storage 
space for snow moved off the traveled 
way. The proper selection and location 
of guard rails can also aid in facilitat- 
ing snow removal. Judicious planting 
of trees and shrubs on wide right-of- 
way tends to prevent the formation of 
drifts on the road. 

Drainage—Occasionally the design- 
ing engineer seems to forget entirely 
about the importance of drainage in de- 
veloping a satisfactory highway. Here 
again ample right-of-way is necessary: 
surface drainage ditches must be placed 
far enough away from the pavement 
edge to give a gradual slope into the 
bottom of the ditch. Not only will this re- 
duce water but it will permit cars out 
of control to run into the ditch without 
excessive danger. Some _ designers 
specify no ditch at all, or one of inade- 
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DUAL CONCRETE PAVEMENT with stabilized dividing lane 
wide shoulders exemplifies recent consideration in providing n-of 


zones for repair stops or to avoid collision. 


quate depth below the surface of the 
pavement. The writer believes that sur- 
face ditches are highly essential—ex- 
cept, of course, where the subsoil condi- 
tions make them unnecessary or where 
adequate subdrainage has been installed. 
One of the greatest handicaps placed 
on the maintenance man results from 
the designers’ failure to provide sub- 
drainage where soil surveys indicate it 
to be necessary. Even without investi- 
gation by soil specialists the designer 
should anticipate with reasonable ac- 
curacy the points along the road that 
require adequate subdrainage; this will 
be in most cuts, and certainly at the 
foot of cut slopes on sidehill location. 
The judicious location of surface inter- 
cepting ditches and subdrains on hill- 
sides will frequently prevent bad slides; 
the former will also tend to prevent 
surface water from washing down over 
the cut faces and silting up the side 
ditches at the foot of cut slopes. 
Another place where  subdrainage 
treatment is usually necessary is just 
over the crest of a hill where the grade 
line has cut through the groundwater 
level, thus insuring seepage to the sub- 
grade under the pavement. This softens 
the subgrade and causes the road sur* 
face to break up under loads during the 
spring thaw or during rainy seasons, 
especially a trouble with low-cost 
bituminous surfaces. Blind drains 
through these sections are a remedy, 
and obviously it is cheapest to place 
them in the original construction. 
Bridges—An important problem of 
the maintenance engineer is to protect 
the footings of steel bridges and 
stringers at the abutments. Many 


bridge designs on unstabilized road 
simply for a flat-topped abutment 
provide nothing to prevent emban!] 

soil or road metal from flowing at 
the footings and the ends of stri: 
Where fill material thus surround 
steel, and especially where veget 
grows, rapid rusting is sure to f 
Many times maintenance engineers 
shocked when they clean away 
accumulation and discover dangerou 
weakening of the footings and stringer: 
by rust—such hazard can largely 
prevented by a design providing a 
for the footings and a curtain wall ex- 
tending up to the floor to keep the f 
ings and stringers free from object 
able covering. This design also fac 
tates cleaning and painting. 

Sodding Slopes—If the designer wi!! 
call for sodded cut and fill slopes in ¢! 
original contract he will help the 
maintenance engineer materially by pie 
venting slope erosion and the filling 
side ditches. Sodding also adds greatly 
to the attractiveness of the road. 


Traffic service factors 


Locating and designing enginee: 
should provide for ample visibility ; t! 
should not make this the maintena: 
man’s job. Frequently large sums 
maintenance money are allocated to t! 
improvement of visibility by wideni: 
cuts on the inside of curves, cutting 
down hills to provide longer vertic:! 
curves and similar operations whi 
should have been thought out and p: 
vided for in the original plans and pa 
for out of construction funds. 

Slipperiness — Much  maintenan 





money is 
spent on 
slippery 
road sur- 
faces. A 
large part 
of this ex- 
pense can 
be saved 
by the de- 
signing 
en gineer. 
As an ex- 
ample; 
many 
states 
have now 
adopted 
the plan of 
transverse 
brooming 
of con- 
crete sur- 
faces as a 
final fin- 
ishing op- 
eration 
an as 
slightly 
roughen- 
ing the 
surface and reducing the danger of skid- 
ding. In brick pavements the application 
\§ whitewash-calcium-chloride or a 

ilar agent to the brick surface before 
pplying the bituminous joint filler 
makes possible the removal of excess 


bitumen from the pavement surface. 
Prior to this innovation, the main- 
tenance man was frequently com- 


pelled to sprinkle coarse sand on the 
road to nullify the effects of the surplus 
bitumen. Excess bitumen in mixed-in- 
place bituminous surfaces usually causes 
fat spots and excessive bleeding during 
hot weather, which tends to produce a 
slippery surface and requires the ap- 
plication of stone or sand. 


As to road types 


Gravel—On secondary roads surfaced 
with unstabilized gravel, poor design 
and specifications may greatly increase 
the maintenance cost. The greatest 
fault is specifying a pebble size that, in 
spite of all the maintenance man may 
lo, will result in a continually rough 
and bumpy surface. When oversize peb- 
bles are used the road will never be in 
first-class condition, no matter how fre- 
juently it is dragged; when the large 
pebbles roll about on the surface they 
ire a hazard to traffic, and when partly 
embedded they cause the automobile 
wheels to jump, which starts corruga- 
ion. No pebbles larger than } in. 
should ever go into an_ unstabilized 
gravel road; better results will be se- 
ured if oversize pebbles are crushed to 

in., thus adding angular particles 
vhich compact under traffic and do not 
tend to roll around like marbles. 

Another fault in gravel roads is the 
lack of sufficient binder for compaction. 
riginally clay was considered objec- 


tionable, but we know now that up to 
10 per cent of clay is beneficial as a 
binder. A limited amount of sand is de- 
sirable so that the resulting aggregate 
will be well graded from coarse to fine, 
developing maximum density as nearly 
as possible. Crushing the oversize peb- 
bles tends to increase the percentage of 
aggregate in the allowable upper sizes, 
thus permitting the use of more sand 
from the lower end of the size range. 
In this way less waste results both in 
coarse and fine material. 

Crushed Stone — In _ traffic-bound 
crushed-stone roads it is the writer’s 
belief that crusher-run stone with a 
maximum size of 3 in. will give the best 
results under drag maintenance. Suffi- 
cient screenings and dust will be pro- 
duced in the crushing to serve as binder 
for the coarser particles, and no matter 
how thin the road may wear no objec- 
tionable coarse stone will ever appear 
on the surface. In the past, designers 
have held the mistaken opinion that a 
stone road is never satisfactory unless 
it has a bottom layer of coarse stone. 
Specifications frequently permit the 
use of material up to a maximum size 
of 3 in. with a topping of finer aggre- 
gate including screenings, under the 
theory that this finer material will re 
main on top and form a smooth riding 
surface under proper maintenance. This 
is a fallacy, for two reasons: First, 
much of this finer material disappears 
down into the voids of the base course, 
and second, unless promptly replenished 
the fine material on top is 
later worn out and blown away or 
washed off, until the coarse base stone 
becomes exposed and is jerked out onto 
the surface by the maintenance equip- 


sooner or 


ment. Once this occurs, the mainte- 
nance man’s attempts to produce a 
smooth road surface are hopeless. 


Bituminous Surfaces—In stabilizing 
a gravel or stone road with bituminous 
material by the mixed-in-place method, 
many serious maintenance problems are 
introduced through poor design and 
specifications. Such construction usually 
calls for a light bituminous material as 
a primer to penetrate the base and 
nullify the effects of dust which may 
appear on the surface and throughout 
the aggregate used in the prime coat, 


but often the designer specifies too 
heavy a bituminous material, which 


hardens quickly and does not penetrate 
the base course. 

Even a primer of the proper grade 
may give poor results if the seal coat is 
applied before the prime coat has had 
sufficient time to cure thoroughly and 
harden. Where the prime coat is sealed 
with a heavy bituminous material 
shortly after priming, waves or cor- 
rugations usually develop under traffic. 
Dig into one of these waves and the 
real difficulty is disclosed: the prime- 
coat material is found to be soft and 
unstable, permitting shoving under 
heavy loads. The heavy seal coat creates 
an airtight layer over the entire surface 


and prevents evaporation of the light 
constituents in the primer. The latter re- 
mains soft for weeks and months, with 
the inevitable “washboard” result. It 1s 
the writer’s opinion that the primer coat 
should be exposed to traffic for at least 
four weeks before it is sealed. 

In sealing the prime coat much ravel 
ing frequently from specifying 
that is too The 
specifications for this cover stone may 
have wide 
different screens, which will cause con 
siderable variation in the quantities of 
coarse and fine aggregate in the 
ture, and often the cover stone ranges 
up to a maximum size of } in. By 
time this is transported and placed on 
the road the fine aggregate has sifted 
to the bottom and the coarse aggregate 
1s exposed on the surface; the voids be 
tween the stones hold water, 
the 
winter it kicks the coarse pebbles loose 
and tends to ravel under traffic. Bette 
results would be cbtained if the fine and 


. } 
resuits 


cover stone large. 


percentage ranges on the 


mix 


ad 
the 


and when 


this water freezes in fall or early 


coarse aggregates were separated, the 
coarse to be applied first and coated 
with bituminous material, then the fine 
aggregate to be applied to filling the 
voids and surface 
where it can adequately fulfill its 
tion of sealing the surface. 

In this procedure of course we run 
up against the divergence of 


1 


remaining on the 
func 


opinion as 
to what causes slippery bituminous sur- 
One group that we 
cannot secure non-skid surfaces without 


faces. maintains 
coarse aggregate; others maintain that, 
so long as excess of bitumen is avoided, 
we can secure an equally non-skid sur 
face through the use of finer a t 
on top. The writer is inclined 
with the latter opinion. 

If bleeding results from the use of too 
much bitumen the resulting slipperiness 
can be corrected through the prompt 
application of fine-graded blotter stone. 
Much raveling is chargeable to insuffi- 
cient bitumen to coat the aggregate and 
bind it in place. It seems preferable to 
err on the side of too much bitumen, as 
excess can be corrected by the addition 
of blotter stone, but it is difficult to 
correct the defects resulting from in- 
sufficient amount of bitumen. 


gorega 


oO agree 


Conclusion 

The preceding outlines only the most 
important parts of road design wherein 
the designer can facilitate maintenance. 
The lack of coordination which exists 
in many highway departments would 
never be tolerated in a large industrial 
concern where the efficient functioning 
of each separate department must con- 
tribute its utmost in insuring a satisfac- 
tory, useful and economical product. In 
these days of diminishing budgets and 
increasing demands for highways serv- 
ice it is quite apparent that closer co- 
ordination of design and maintenance 
should be sought as a means of produc- 
ing better roads and giving more effi- 
cient transport service. 








Road Foundation Practice | 


Foundation practice has made great progress in recent years but is still in the tria| 
stage; further advance awaits full quantitative knowledge of the behavior of soil under the 
action of loads and weather—Embankment construction already shows effect of new thinking. 
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CurrENT Metuops, by... . T. E. Stanton, Jr., Materials and Research Engineer, California Dept. of Highways 


SHORTCOMINGS, by .. A. CASAGRANDE, Director Soil Mechanics Laboratory, Harvard Graduate School of Engineering 
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EDITOR’S 


FOUNDATIONS were for INTRODUCTION 
a long time the neglected 
element of the highway. 
Now they are becoming subjects of some- 
what extravagant attention. The swing of 
the pendulum is not farther than is perhaps 


needed but it is far enough to cast a shadow 


in stabilizing foundations of 
soil and a statement of what 
we know and of what we 
still lack knowledge in respect to soils. 

The outstanding and encouraging fact to 
be drawn from the two articles is that a way 
of anticipating soil action under pavement 








of danger that we are exceeding in prac- load and of controlling that action in some f'- 
tice our true knowledge of soils as founda- measure is spreading from the research i” 
tion materials. laboratory into the practices of field con- F 
In the articles that follow, one by a prac- struction. As a step in the rationalization of io 
ticing highway engineer and one by a re- highway design, present activities, as out- Ee 
search worker in the science of soil behavior lined in the articles that follow, should be 
are a statement of what is now being done observed with closest attention. 
° “a2 ® tees. In the spring of 1936 the execu ; 
Soil Sul V eys and Stabilization tive committee of the American So- sur 
ciety for Testing Materials approved ma 
° the extension of the society’s activities tes! 
Control Practice weeeeeee 1. E. Stanton, Jr. by authorizing the formation of a major a 
standing committee on soils for en- Pu 
gineering purposes. In June 1936 the thor 
OUNDATIONS have been going Less than two decades have elapsed first International Conference on Soils pla 
PF oiconet a process of rapid de-_ since the U. S. Bureau of Public Roads and Foundation Engineering was held Siz 
velopment during the past decade, announced that it had begun investiga- at Harvard University with delegates ne 
largely through the influence of the tions to obtain accurate scientific in- in attendance from all sections of the = 
new science of soil mechanics. Be- formation regarding the characteristics world. A new division of the Ameri- _ 
cause of the nature of the advance, of soils which affect their bearing value. can Society of Civil Engineers, to be _ 
however, the several elements of At that time it pointed out that, if known as the Soil Mechanics and : 
foundation practice are in different knowledge of road construction was to Foundations Division, was formed dur- wi 
stages of progress. In each element, be advanced, first attention must be ing the year and the executive com- ve 
current practice represents a summa-_ given to the road foundation and ac- mittee gave the personnel and an out- evi 
tion of trials and experiments. curate information must be obtained of line of activities approved by the board na 
Modern procedure in respect to road- the properties of soils that make them of directors at the 1936 fall meeting. Ps 
foundation work is chiefly character- good or poor soils for foundation pur- The leading state highway depatt- of 
ized by preliminary soil surveys, by poses. The national agencies now en- ments have expanded their organiza- ef 
extensive use of soil stabilization, by gaged in soil and foundation engineer- tions to include specialists in soil and ae 
close attention to moisture control and ing, in addition to the state highway foundation science and have modified ‘ 
drainage, and by greatly improved departments and leading universities of their specifications for the construction . 
practice in fill solidification. The state the country, include the Highway Re- of fills and pavement subgrades to in- ( 
of the art in these items is reviewed search Board, American Society for sure foundations adequate for all pro! call 
below. Testing Materials, American Associa- able traffic demands. Some states have tm 
Active study of soil problems is con- tion of State Highway Officials, Amer- gone further than others, but all stat pa 
tinuing. This is particularly true with ican Society of Civil Engineers and highway departments are organizing nf 
respect to the underlying knowledge of Society for the Promotion of Engineer- and equipping bureaus to exercis Pe 
soil properties and their change under ing Education. whatever measure of investigation, tes' Boon 
various disturbing influences. Soil me- The Highway Research Board dur- and control is demanded by local cond SB mat 
chanics is the subject of intensive re- ing 1936 perfected the organization of tions. Taking the country as a whole B and 
search by many different groups and its new department of soils investiga- current practice covers the entire fiel S But 
institutions, and a statement of present tions. The first project committee ap- of soil mechanics even though no on: ; pra 
road-foundation practice may properly pointed was on stabilized roads, and the state highway department may find i B teri 
begin with a word on this research work of this committee was divided necessary or economical to include al g suit 
activity. among the members of five subcommit- phases of the subject. 
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Few states now neglect making soil 
surveys in advance of construction; 
many have extensive soil-survey and 
testing organizations. While the cur- 
rent practice is to follow the Bureau of 
Public Roads system of soil identifica- 
tion and classification, which is based on 
plasticity, moisture equivalent, grain 
size, shrinkage and swell determina- 
tions, modified somewhat by local con- 
ditions and requirements, including at 
imes laboratory and field bearing value 
tests, there is growing realization of a 
need for common symbols and defini- 
methods of exploring, surveying 
and sampling soils for highway pur- 
methods of testing and classi- 
fying disturbed soils; methods of test- 
ing soils in place; and in general 
standardized procedure for solving all 
of the related problems of soil me- 
chanics. 


tions: 


poses: 
poses ; 


Stabilization widely practiced 

Current practice almost universally 
alls for the removal of unsuitable sub- 
base material and its replacement with 
suitable material, or else blanketing an 
inferior subgrade with varying thick- 
nessese of selected material depending 
on the exact nature of the foundation 
rial, the type of pavement surface 
and the nature and volume of traffic. 
gut while it is undoubtedly current 
practice to import suitable natural ma- 
terials either to be mixed with un- 
suitable local soils or to be used as re- 


mat 
ld 





WIDENING OF ROADS introduces the 
chance of surface failure unless care is 
exercised in obtaining uniform founda- 
tion conditions for the widened roadway. 


placement, there is an increasing tend- 
ency towards other methods of stabil- 
ization where suitable selected materials 
are not readily available. The par- 
ticular type of soil stabilization in 
favor depends to a large extent on 
geographical location. Treatment with 
calcium chloride has made rapid strides 
in the east; bituminous emulsions are 
used in the west, and bitumen in some 
form is probably more generally used 
throughout the nation than any other 
stabilizer. Probably in no phase of soil 
mechanics does current practice vary 
so widely as in stabilization. Extensive 
studies are under way to develop meth- 
ods and materials. 

While the ' 
drainage is universally 
importance of uniformity in moisture 
control has not been sufficiently appre- 
ciated in most states to call for any 
special construction other 
than to recognize, in principle, the 
necessity of adequate subgrade drain- 
age as well as water-course drainage. 
And even this general principle is all 
too often overlooked in actual construc- 
tion, with the result that extensive 
fill settlements and slipouts occur on 


adequate 
recognized, the 


necessity of 


practices 


heavy grading jobs. Without doubt, 
however, the trend is towards more 
thorough subgrade and _ foundation 
drainage. 


In current practice corrective meas 
ures against destructive frost action 
consist essentially of constructing gran- 
ular well-drained base courses and wa- 
tertight surfaces, with an attempt to 
secure watertight joints where arti- 
ficial cracks or joints are constructed 
to relieve volume-change _ stresses. 
Common practice in repairing frost 
boils or heaves consists in excavating 
the offending base material to depths 
of 2, 3 and even 5 ft. and replacing it 
with granular well-drained material. 
Drainage, pervious subgrade material 
and watertight surfaces are deemed the 
most essential preventive measures 


against frost action. 


Fill solidification 


+¢ 


Up to seven or eight years ago 
practice to build fills by 
in lavers of 12 in. or 
solidification (if at 
ring the scrapers to travel 
No particular 


exact 


was common 
end dumping or 
more and to effect 
all) by req 
evenly over the surfaces. 
effort was made to ascertain the 
degree of consolidation during con 
struction or the probable future settle 
ment. Under this haphazard procedure 
fill settlement usually continues over a 
period of years, and any pavement sur- 
face constructed on fill is doomed to 
early failure. 

In 1929, the California Division of 
Highways made extensive investiga- 
tions to determine the optimum mois- 
ture content and construction procedure 







































for the consolidation of fills to insure 
against subsequent settlement. From 
this study methods of testing were de- 
veloped for optimum moisture and con- 
solidation. This resulted in a modifica- 
tion of the California standard 
fications in 1929 to require that em- 
bankments should be constructed in 
layers not exceeding 8 in. thick; that 


speci- 


each layer be thoroughly compacted 
with a 12-ton three-wheeled power 


roller or with a tamping (sheepsfoot ) 
roller of specified design; that unless 
the material when placed in the fill is 
moist enough to be properly compacted, 
each layer must be watered sufficiently 
to dampen the material before it is 
rolled and that new layers must not be 
constructed until the layer under con- 
struction has been thoroughly com- 
pacted. Soil samples from the fill are 
taken continuously during construction 
to determine density in comparison with 
a laboratory specimen of the same soil 
fabricated to maximum density with 
optimum moisture content. 

As a result of the work in California 
and in other states, dating back at least 
to 1929, it is now common practice in 
the majority of states to require that 
fills be constructed in 6- to 8-in. layers 
properly watered and compacted with 
heavy three-wheel or tamping rollers. 
Some of the larger roadbuilding states 
still permit fills to be constructed in 
12-, 18- and even 24-in. layers without 
adequate provision for wetting and com- 
pacting unless a hard-surface pavement 
is to be constructed immediately; in the 
latter case greater precaution is usually 
taken to secure immediate maximum 


consolidation. Without doubt, how 


ever, current practice gives more care 
to consolidating embankments than 
previous practice, and the trend is 


towards a general adoption of specifi- 
cations requiring that fills be con- 
structed in shallow lifts with moisten- 
ing and thorough compaction. 


IMPROVEMENTS IN EQUIPMENT have done much 










highway fills 





to facilitate the proper placing and compaction of soils in building 


Measures of Soil Behavior 
Are Still Imperfect en as b Camsianenibe 


HE DESIGN of pavement foun- 

dations for high-type roads offers 

most difficult problem in applied 
soil mechanics; in spite of strenuous 
efforts at solution during the past ten 
years relatively little progress has been 
made. This fact, coupled with the 
divergence of opinion on the many in- 
tricate problems which are involved in 
the mechanics of pavement foundations, 
makes it a thankless task to appraise 
present practice. 

The design of a road requires know]- 
edge of all pertinent properties of the 
pavement and of the underlying ma- 
terials to a considerable depth. In ad- 
dition it is necessary first to know the 
factors that influence these properties 
and the range of possible variations; 
second, to know all factors which intro- 
duce stresses into the pavement and 
the foundation, the magnitude of these 
stresses and their possible combinations, 
and finally to have sufficient command 
of analytical methods to permit the 
study of the stress-strain relationships 
in the combined body to pavement and 
foundation strata. 

During the past ten years simplified 
approaches have been undertaken to 
this problem of determining the stresses 
in the pavement and of the rational de- 
sign of the foundation. The writer 
considers the following three of im- 
portance: 

1. Empirical studies of the relation 
between pavement and _ foundatien 
based on comparisons of the behavior 
of pavements, the constants of the un- 
derlying soil being determined by 
simple tests on disturbed samples. 


2. Theoretical analysis of the stresses 
in a concrete pavement based on simpli- 
fying assumptions of soil reaction. 

3. Direct measurement of the defor- 
mations and stresses in pavements, 
under foundation conditions as nearly 
uniform as possible. 

The results of all these investiga- 
tions have been very helpful to high- 
way engineers; if not quantitative, at 
least qualitative conclusions can be de- 
rived, which make possible (within 
limits) a balanced pavement design 
where good foundations are available. 
Withal, however, the variation in foun- 
dation soils and their characteristics is 
so great that a general approach to 
the problem of designing a pavemnet 
and base course to fit the actual soil 
conditions is still remote. 


Influencing soil porperties 


In the writer’s opinion a satisfactory 
solution can be obtained only by com- 
bining thorough observations of the be- 
havior of pavements with actual meas 
urements of the pertinent properties of 
the underlying soil and their changes 
due to climatic conditions. Experience 
in recent years has definitely established 
that, with very few exceptions, know] 
edge of these properties cannot be de 
rived from routine tests on disturbed 
samples. The most important functior 
of future research will consist of tak 
ing and testing undisturbed sample 
from various depths beneath the cen 
ter and the edges of the pavement a! 
such times as to permit study of ex 
treme seasonal variations. 











bi 


ing or other 


Jems in earthwork and founda- 
engineering may be divided 
'y into two groups:-(1) Those in 
ch we are primarily interested in 
against failure due to rupture 
‘stic flow of a mass of soil, and 
ose in which our interest is in 


+h lume changes and deformation of 


Correspondingly soil proper- 
into two groups: those which 
ine the resistance of the soil to 
_and those which govern changes 

soil within a range of stress 
is safe from failure. 

he first group belong all prob- 
relating to safety against slides 
itural slopes, slides within em- 
nents or through their founda- 


tions. radical changes in the strength 


ls caused by freezing and thaw- 


sary, by special loading tests in the 
field, 

In addition to the stress-strain rela- 
tionships under static loading, which 
we are able to determine by means of 
modern soil-testing methods, there are 
other factors which should be taken 
into consideration, particularly the ef- 
fect of dynamic loads on the structure 
of undisturbed clays. 

What has been said is not intended 
to convey the impression that the or- 
dinary routine soil tests commonly used 
today need not be performed. On the 
contrary, the use of these tests should 
be continued until specialized knowl- 
edge resulting from extensive studies 
permits reliable conclusions as to the 
usefulness and meaning of sucl 
in the design of pavements. 


+ 


1 tests 





HIGH FILLS now are built up in compacted layers instead of by end dumping. 
This practice eliminates the uncertainty of settlement and makes it safe to lay 
pavements on new fills. 


influences. Naturally, 
safety of the foundation against failure 
is a very important consideration in 


highway engineering. The principal 


properties governing this group of 
roblems are: the shearing resistance 


of the soil; the coefficient of permeabil- 


a constant describing the differ- 

in consistency between the undis- 

d and remolded states, which in- 

s the degree to which progressive 

lure will take place; and the extent 

stratification and fissures, which in- 

luence the creation of hydrostatic pres- 
ind may cause slides. 

the second group belong all prob- 

lealing with the normal changes 

soil undergoes under superimposed 

> and dynamic loads and under the 

nce of climatic variations. To 

ze these changes it is necessary 

tudy the stress-strain relationships 

soil by means of confined and 

nfined compression tests on un- 

bed samples under various pos- 

conditions, supplemented, if neces- 





Summarizing the foregoing discus- 
sion in the accompanying table, it be- 
comes apparent that the progress of 
our knowledge during recent years 
chiefly covers the prevention of foun- 
dation failures. In the following sec- 
tions some of the present trends and 
advances will be discussed more in de- 
tail, 


Embankment design 


Embankments should be designed and 
constructed so that they will be safe 
against failure due to slides and so 
that large enough differential settle- 
ments will not occur to harm the pave- 
ment or to produce an undesirable rid- 
ing surface. The source of possible 
trouble may reside in the ground on 
which the fill is placed or it may reside 
within the fill itself. 

It is not possible to give definite fig- 
ures of the magnitude of total and dif- 
ferential settlements which can be per- 
mitted. Ten years ago the idea pre- 


vailed that the most economical pro- 
cedure was to place a temporary pave- 
ment on fills which were expected to 
settle, and to wait for about a year 
(or less) before placing the permanent 
pavement. More recently engineers 
have favored building fills in such a 
way that a high-type pavement may be 
placed immediately. One of the rea- 
sons for this change is that poorly- 
constructed fills often necessitate much 
pavement maintenance, because differ- 
ential settlement takes place not only 
during the first year but for many years 
afterward. 
Preparation for the fill 

The present tendency is toward 
elimination of very soft layers of sub- 
stantial thickness beneath fills, even if 
a stability analysis establishes a_ suf- 
ficient safety factor against foundation 
failure. Only when such layers are uni- 
formly thin is it permissible to build a 
fill upon them. However, each case 
must be analyzed before a decision can 
be made, since settlement is influenced 
by height of fill, by character of the 
soil of which it is built, by methods 
of construction, and finally by the type 
of road and pavement. For example, a 
sandy or gravelly fill of substantial 
height can smooth out so effectively 
the settlements resulting from the com- 
pression of soft underlying strata of 
varying thickness that a total settlement 
of several inches may be tolerated even 
where the pavement is of high type. On 
the other hand thin lenses of such ma- 
terial beneath a low clay embankment 
may result in harmful differential settle- 
ment, while the total settlement may 
not appear to be of a dangerous charac- 
ter. The time required for consolida- 
tion of soft layers is important when- 
ever it is intended to allow consolida- 
tion before placing the permanent pave- 
ment. 

On the basis of an accurate soil pro- 
file and consolidation tests on typical 
undisturbed samples of the compressi- 
ble strata it is not difficult to determine 
the character and time-progress of the 
settlement and then to arrive at a satis- 
factory solution in each case. In this 
connection one should keep in mind 
that the relatively pervious organic 
soils, in which primary compression 
takes place within a short time, exhibit 
a secondary effect that will cause pro- 
gressive settlernent for years after the 
primary time effect has ended. 

Whenever an embankment is built 
up of plastic soils, special attention 
should be paid to gradual compression 
of the fill material. This compression 
can be accelerated by introducing a 
few horizontal layers of sandy or 
gravelly soil. These lavers provide at 
the same time a very desirable increase 
in stability of the mass against plastic 
lateral deformation and slides. Special 
care is required in the construction of 














































Foundation Failure 

Ezvcamples: 

Slides in natural slopes or in embank 
ments; subsidence of fills due to slides 
or plastic flow in subsoil; complete 
loss of strength of foundation due to 
rapid thawing of soils containing large 
amounts of excess water stored up in 
form of ice; ete. 





Application to 

pavement and 

foundation design 

No direct bearing on 
design 

Soil mechanics permits fairly satisfac 
tory stability analysis of most problems 
encountered in highway engineering 


pavement 





BEHAVIOR OF PAVEMENT FOUNDATIONS 





Normal Behavior of Foundations 





Deformation and volume changes caused by traffic loads, warping of pavement, the offer, 


of seasonal variations; 
gradual 
soft strata, etc. 


differentiation between seasonal variations and permanent ; 
settling of embankments due to consolidation 


of fill material or of un 





The basic problem, stress analysis in pavement, base course and subgrade in tt true 
pertinent 
knowledge available on 
how to 


solved. Knowledge on 
unsatisfactory. Empirical 
concrete pavements and on 
pavement sections 


relation, not yet 
changes entirely 
settlements on 
special design of 
flexibility of subgrade, discontinuities, 
thickness of base course 


joining 
particularly sensitive on clay subgrade with 
frost 1 
soils very important, in others useless § § 


insufficient base course. At 


Drainage in some 


subgrade properties and their adu 
effects of diff ntis 
overcome them with dummy , 
abutments and fill; ete. Transvers; , 
present ¢ @S8 
counteracted by 


action, ete. best 


Excessive frost penetration into sub grade treatment effective only to a very limited extent. Compaction control r f 
grade can be prevented by appropriate construction, 
base course design; possibilities of 
heat insulation not sufficiently explored 

— 
such layers to prevent the formation detailed methods of compaction. The tion of internal capillary © stresses 
of water pockets. The surface on which thickness of the individual layers is which tend to counteract the compact. 


each layer is placed should be finished 


so as to slope down from the center 
line of the embankment. 
Stability against slides 
Analysis of stability against slides 


within an embankment or through its 
foundation, is best carried out by the 
Swedish method of cylindrical sliding 
surfaces. The shearing resistance of 
typical samples can be determined by 
direct shearing tests, unconfined com- 
pression tests and squeeze tests. While 
there are still questions on a number 
of important points, particularly re- 
garding the testing of the shearing re- 
sistance of cohesive soils and the fac- 
tor of safety which should be used in 
the stability analysis, experience has 
indicated that the Swedish method is 
the most reliable now available. Ex- 
tensive application to actual slides in 
European countries and a few examples 
of application to slides in the United 
States have shown a factor of safety 
of about 1 or slightly smaller then 1. 
Our knowledge, then, has developed 
to a point where slides in embank- 
ments and in the underlying founda- 
tions can be foretold and prevented by 
appropriate design. Such analysis re- 
quires, first of all, accurate explora- 
tion of the substrata. It is in this re- 
spect that most foundation work is still 
badly lacking. The cost of borings and 
soil insignificant in 
sou to the costly r 
from foundation failures, and yet neg 
be the rule rather 
n, a situation which is dif- 


erstand, 


tests are compari- 


epair work resulting 


ligence seems to than 
the excepti 
ficult to un 
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Compaction of embankments 


It is gratifying to notice that the 
importance of proper compaction of 
embankments is being increasingly real- 
ized. Only a few years ago embank- 
ments were built by dumping the soil, 
with only the most meager compaction 
under the wheels of operating trucks 
and graders. Today many highway de- 
partments require in their specifications 





limited and the method of compacting 
each layer is specified. 

In some states where sandy and 
gravelly soils are predominant and are 
readily available for the construction 
of embankments, a satisfactory degree 
of compaction seems to be obtained by 
placing the soil in relatively thin layers 
and rolling each layer thoroughly by 
the heavy bulldozers which are used 
for spreading the soil. In a few states, 
where cohesive soils predcminate, 
sheepsfoot rollers are beginning to be 
used to great advantage and specifica- 
tions for the control of compaction em- 
body the experience gained during re- 
cent years in the construction of rolled 
earth dams. The extensive experience 
which is being accumulated should lead 
in the near future to satisfactory stand- 
ards for compacting cohesive soils 
based on relatively simple soil tests. 


Sandy soils needs study 


In this connection it is interesting 
to find that while good progress is 
being made in the United States in 
methods of constructing embankments 
of cohesive almost no. studies 
have been carried out on the stability 
of embankments constructed of sandv 
and gravelly soils. It is true that in 
the majority of cases such soils will 
not cause as much trouble in embank- 
ments as will soils, but cer- 
tain cohesionless soils, particularly fine 
sandy soils, their 
a rather sensitive structure. 
} 


soils, 


cohesive 


loose state 
Saturation 
vy a heavy rain storm may cause seri- 
ous sudden and continu- 
ous vibrations (traffic) may produce 
gradual settlement, often irregular, and 
harmful to the pavement. 

Extensive studies of the efficiency 
§ various methods of compacting co- 
hesionless or slightly cohesive 
have been conducted in Germany in 
connection with the construction of the 
system of superhighways. They seem 
to indicate that the most efficient meth- 
od consists of introducing vibrations 
into the soil, and preferably keeping 
the soil saturated to prevent the forma- 


have in 


subsidences, 


soils 


ing effect of vibration. On acco 

the expense of the heavy vibrati: 
chines, contractors prefer the 
tamping equipment. Several of these 
machines were described in Engineer- 
ing News-Record, July 23, 1936. Other 
methods investigated, such as sluicing 
ponding and ordinary rolling with vari- 
ous types of rollers, were found to be 
much less effective. 

Summarizing, it can be seen tha: 
the tendency toward construction 
embankments which will settle as uni- 
formly and as little as possible is quit 
pronounced in many states as well a: 
abroad. Today, most engineers agre: 
that the added cost for compaction 
more than offset by the better riding 
surface obtained and by reduction 
maintenance cost of pavement, shou! 
ders, guard rails, and other elements of 
the road structure. 


Discontinuity in foundations 


Next in importance to safety against 
failure is provision for as gradual 
transition as possible between secti 
of pavement whose foundation cond 
tions differ. In most cases comn 
sense dictates the necessary precat 
tionary measures, yet apparently 1 
the sake of speed in construction t! 
simplest expedients are often omitte 
Important examples of places wl 
trouble is encountered are: Sudde 
transition from fill to cut or fron 
bridge abutment to the adjacen 
bankment; sudden changes in suber: 
particularly where clean sand or grave! 
a silty soil or clay and, final! 
culverts—the most .frequent offend 

The writer has regularly observ 
during the past eight years a concrete 
pavement which over the greater por 
tion of its length heaves fairly w 
formly up to 7 in, every winter without 
damage and without impairing the rid 
ing qualities. Only in one short stret 
where irregular heaving of not more 
than an inch or two occurs, has thi 
pavement cracked badly. Today it 
possible, on new construction to rec 
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nize the sections in which soil condi- 
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change rapidly, and to design the 
ndation accordingly. Usually a sub- 
ntial base course of soil which does 

+ cause ice segregation is introduced, 
er by lifting the grade or by ex- 
-yating deeper into the poor soils. 
When the excavation is carried deeper, 
eradual transition over a distance of 
“least 25 ft. is required to prevent 
formation of irregularities in the 
face. The same requirements should 
ern the design of the base course 


e 


differential settlements are anticipated 
and are not properly taken care of in 
the design. 


Conclusion 


The foregoing observations lead to 
the conclusion that highway foundation 
design is still in a rudimentary stage and 
that its future is dependent on ex- 
tensive research, which can only be 
undertaken by highway engineers and 





WIDE FLUSH CURBS now are required for bituminous or brick surfaces on concrete 


bases to prevent side spreading and provide edge traffic 


markers; the curbs shown 


are integral with the base and 12 in. wide. 


adjacent to culverts; it should be grad- 
ually increased in thickness toward the 
culvert, at which point it should be suf- 
ficient to prevent normal frost penetra- 


n 
on 


Even today one can find on new high- 
ways of principal importance bridge 
abutments which throw passengers 
from their seats when crossed at or- 
dinary travel speed. Transition slabs 
of special design, at least 30 ft. long, 
resting with one end on the abutment 
and with the other on the fill, are re- 
quired; it would be uneconomical and 
often impossible to make the adjust- 
ment in the foundation. 


Provision for deformation 


On modern high-speed roads all 
ransitions must be so designed that 
leformations of the road surface such 
as are found today on practically every 
road are prevented. If this is done, no 
special measures are required in the 
construction of flexible types of pave- 

‘nts, while in concrete pavements 
some additional flexibility can be intro- 
luced by dummy joints. It is particu- 

rly important that a joint should be 
placed at the center line of each culvert, 
and dummy joints on both sides at 
istances of about 10 ft. Provisions 
tor mudjacking should be made where 
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in cooperation with specialists in soil 
mechanics. 

The most serious handicap to prog- 
ress at present resides in the fact that 
the number of highway engineers who 
are also thoroughly trained in modern 
soil mechanics is far too small to per- 
mit undertaking such a research pro- 
gram. In addition, it is to be regretted 
that the soil specialists working with 
highway departments received so little 
encouragement and are given so little 
time to inform themselves of the rapid 
progress in this field by yearly inspec- 
tion of similar work by other highway 
organizations and of the research jin 
progress at the leading soil-mechanics 
laboratories. Soil mechanics in its pres- 
ent stage of development can be more 
a liability than an asset to an engineer 
unless he has the initiative and oppor- 
tunity to keep abreast of the latest 
developments by personal contact. 

Executive highway engineers may 
be loath to give financial support and 
encouragement to work which may re- 
quire many years before practical re- 
sults are obtained. Is it necessary to 
remind them that a cheap pavement on 
a good foundation will make a better 
road than a good pavement on a poorly- 
designed foundation? Is it necessary 
to recall that many pavement failures 
found on the highways built under their 
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direction are really foundation failures ? 
It is necessary to remind them of the 
great importance of foundation studies 
to economical and safe location or re- 
location of roads? 

Particularly in connection with lo- 
cation studies of superhighways with 
their expensive fills, cuts and structures 
the location of which can be chosen 
within a wide latitude, a staff of high- 
way engineers thoroughly trained in 
soil mechanics and familiar with the 
soil types of that particular region can 
be of inestimable And let this 
reminder be followed by the suggestion 
that in selecting new men for soil work, 
not only for advancing our knowledge 
but also for a satisfactory application 
of what we know today, the best men 
will be barely good enough. 

Substantial 


value. 


progress in the field of 
pavement and foundation design is not 
possible until we have a and 
quantitative knowledge of the normal 
behavior of the principal types of soil 
under pavement loads and weather in- 
fluences. Not until this gap in our un- 
derstanding of the mechanics of sub- 
grades is closed will it be possible to 
derive the full benefit from the ex- 
tensive and valuable studies on pave- 
ment design which now are available. 

It is not the purpose here to propose 
an outline or detailed suggestions for 
the research which is That 
can be done only on the basis of ex- 
tensive preliminary work. However, a 
warning is offered, a lesson learned 
from the past. Frequently long 
stretches of a road have been subjected 
to soil surveys in which only one or 
another single factor is observed, a 
factor which happens to be of special 
interest or is suspected to be the cause 
of a certain behavior of the pavement. 
A later analysis of such records indi- 
cates only too often that a number of 
factors were not observed, which dur- 
ing the study are found to be essential. 
In many cases such observations are 
simply a waste of money. The only 
correct method of investigation is to 
choose carefully a limited number of 


short 


needed. 


cross sections or stretches of the 
road on which all factors which 
may possibly have an influence on the 
problem are carefully observed. 

Thus, _ frost-heaving 
over many miles of road without 
serving any other data or with only 
very meager information on the sub- 
soil are practically without value. Only 
in combination with accurate observa- 
tions on groundwater fluctuations, the 
character of ice segregation and depth 
of frost penetration, the determination 
of grain-size distribution, and other 
classification tests on typical soil 
samples and meteorological data, can 
such a study be of value. A small but 
thorough program may lead to valuable 
results, while a very extensive program 
comprising the entire highway system 
of a state, with superficial observa- 
tion, is usually without value. 


observations 
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Surfaces Still a Problem 


Practice follows quite steadfastly certain usages that have been evolved from resvirch 


and trial, but experience indicates that a review and revision of details and a new 


CurRRENT DESIGN summarized by 


CHANGED THINKING urged by 


UNTIL 


tended much 


is still of vital concern 


facing of the rigid type—its design problems 


are not yet solved. 


The first surfaces were merely floors or 
carpets laid on the ground and they failed 
generally. There began a period of trial and 


From Practice 


S THE DICTIONARY defines 
A “standiarer there are no stand- 

ards of design for pavements. At 
best we have preponderance of usage, 
and the only dictator in this connection 
is the body of knowledge built up 
through research and experience. The 
following statement of present usage 
in rural highway paving is purely 
factual. 


Width and crown 


Basic to all design is width and 
crown. Assuming proper alignment, 
grades, sight distance, adequate should- 
ers and a pavement surface suitable for 
modern traffic speeds, a two-lane pave- 
ment will serve about 4,000 vehicles a 
day quite efficiently. The standard 
width of such a pavement is 20 ft., but 
18-ft. widths are still common where 
traffic is not expected to exceed 750 
to 1,000 vehicles a day. There is a 
definite trend toward a 22-ft. pavement 
for the more heavily traveled roads, 
particularly where there is a consider- 
able percentage of heavy trucks and 
buses. 

On highways requiring more than 
two traffic lanes the increased width 
is obtained by adding 10-ft. lanes in 
pairs. Traffic in opposite directions on 


RECENTLY 
sign thinking has not ex- 
beyond 
problems of superstructure—the paved or 
surfaced way on which the vehicles travel. 
It is now reaching farther into problems of 
foundation support and off-pavement road- 
way shape and dimensions. 


sense of pavement design values are called for before they will be accepted very gen 


ally 
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EDITOR’S 
de- INTRODUCTION error, a study of vehicle 
loads and of temperature and 
the moisture stresses, intricate 


tation and from 


But surfacing 
and particularly sur- 


mathematical analysis and vast experimen- 
all of them types and 
designs of surfaces described in the first of 
the following articles have been evolved. 
The advance is remarkable and in instances 
has almost reached perfection, but design 
and construction have still a long journey 


ahead before road surfacing receives re- 


spect as 









Pavement Design Has Evolved 


th Se Ne ak cashed R. D. Brown 


multiple-lane highways is _ preferably 
separated by a center parking strip not 
less than 10 ft. wide, and where this is 
not feasible traffic separation is obtained 
by constructing a surfaced median or 
neutral strip of contrasting color, pre- 
ferably raised slightly and from 3 to 6 
ft. wide. The three-lane pavement for 
two-way traffic is a compromise dictated 
by the necessity of providing some 
traffic relief and the lack of funds to 
provide four-lane construction. 

A l-in. parabolic crown is standard 
for two-lane pavements and all dustless 
surfacings. In multiple-lane construc- 
tion the rate of crown is increased pro- 
gressively from the inner to the outer 
lanes, to a maximum of 14 or 2 in. per 
lane for three adjacent lanes. Very few 
highways are constructed with more 
than three adjacent lanes for traffic in 
one direction. 


Brick pavement 


The current standard design for new 
brick pavements includes a 6-in. con- 
crete base, #3-in. bituminous mastic 
cushion and 3-in. de-aired vertical-fiber 
lug brick with asphalt joint filler. The 
concrete base is designed for a tensile 
strength of about 500 Ib. per sq.in. in 14 
days. Header curbs of richer mix, 6 to 





satisfactory engineering. The 
second article indicates how far engineers 
have to go to improve the design of surfaces. 


12 in. wide, are constructed monolithi- 
cally with the base. The same surfact 
trueness of base is required for 
crete pavement is essential because 
the thin cushion used. A 5-in. base is 
used to some extent where few heavy 
trucks are expected, and up to 8-in. base 
is common where large numbers otf 
heavy trucks are to be carried. 

No joints, other than necessary 
struction joints, are ordinarily us 
the base. The standard mastic cushio: 
contains 7 per cent of asphalt by 
volume and is carefully placed to true 
contour. Although 3-in. brick repre- 
sents prevailing practice, 24-in. brick 
is used for predominantly light traffic 
and 34-in. brick where a large volume of 
heavy traffic is expected. Asphalt mas- 
tic filler is used to some extent, but the 
more common practice is to use an 
asphalt filler of 30-40 - penetration 
Excess filler is removed from the sur- 
face of the pavement to provide 4 
clean, non-skid surface. This is ac- 
complished by coating the surface of 
the brick with whitewash or calcium 
chloride to permit the excess filler t 
be peeled off with a sharp, cutting t 


Concrete pavement 


Principles developed by tests, by 


servation of action in actual service 


and by abstract analysis are now 
generally applied in the design of co 
crete pavement. Experience and 
search show that in a balanced des 
the center thickness should be tw 
thirds of the edge thickness. 
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The standard design for two-lane con- 
struction is 20 to 22 ft. wide, 8 in. thick 
at the outer edge and 6 in. thick in the 
central portion; the increase at the 
edges is obtained in the outer 2 or 3 ft. 
In constructing three or more adjacent 
lanes the inner lanes are commonly of 
uniform thickness. Where the traffic 
includes many vehicles whose wheel 
loads approach the legal maximum a 
section 10 in. thick at the edges and 7 
in. in the center is used. Where sub- 
grades have high and uniform bearing 
power, heavy vehicles are not too fre- 
quent and severe frost action is not an- 
ticipated, a reduction in section to 8-54- 
8 in. or to a maximum of 7-5-7 in. is 
employed to reduce cost. 

Joints—To control longitudinal crack- 
ing, construction joints separating traffic 
lanes are standard. In full-wid h con- 
struction the joint is formed by a 
metal plate shaped to provide a tongue 
and groove or by an indentation form- 
ing a plane of weakness. In lane-at- 
a-time construction the joint is either 
a plain butt joint or a tongue-and- 
groove joint formed by a shaped metal 
plate or a timber attached to the side 
form. To provide for load transfer, 
to eliminate the necessity for thickening 
the inner edges and to prevent the 
joint from opening, deformed tie bars 
1} in, in diameter, 4 ft. long, spaced 
5 ft. ¢. to ¢., are commonly specified. 
lransverse expansion joint design 

not been standardized, but invention 

actively engaged in developing an 
leal point that will provide for (1) ex- 
nsion and contraction, (2) load trans- 


A NEW EXPERIMENT in stabiliza- 

tion is making dirt shoulders travelable 

by bitumen-impregnated cotton cloth 
covered with stone chips. 


fer, (3) a watertight seal, and (4) 
continuous and efficient service through- 
out the life of the pavement. 

Poured and premolded bituminous 
fillers, which are extruded as the pave- 
ment expands, are being largely replaced 
by premolded compounds of mineral or 
vegetable matter. Air-chamber joints 
of various designs now on the market 
are being used to a considerable extent 
in some states. Expansion joints are 
placed perpendicular to the center line, 
not more than 100 ft. apart, and pro- 
vide openings not less than } in. nor 
greater than 1 in. Provision is made 
for load transfer across the joint by 
dowel bars or other appropriate de- 
vices; the standard dowel-bar construc- 
tion is #-in. ‘plain round bars 24 in. 
long spaced 12 to 15 in. c. to c.; one end 
of each bar is treated to break bond 
and provided with a metal sleeve cap to 
permit movement in the slab. A numer 
of special load-transfer devices are 
available that because of special design, 
are more efficient than ordinary dowels; 
these are used at spacing up to 20 in. 

Contraction joints are a means of 
transverse crack control. Except where 
steel reinforcement is used for this 
purpose, suitably designed transverse 
contraction joints are so spaced that 
the distance between joints (including 
expansion joints, does not exceed 30 ft. 
The contraction joint is either an im- 
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pressed plane of weakness or a shaped 
metal plate, and is provided with dowels 
for load transfer the same as are ex- 
pansion joints. 

Reinforcement—Steel reinforcement 
is not employed to strengthen the 
pavement structurally and is not placed 
in the slab at a depth to serve this 
purpose effectively; the primary purpose 
is to prevent or reduce cracking and, 
when cracks do form, to prevent them 
from opening. To accomplish this the 
reinforcement is used in the form of 
wire mesh or bar grids composed of 
small bars closely-spaced to secure uni- 
form distribution of the steel through- 
out the slab. By reducing subgrade 
drag by the use of short slabs, a balance 
is obtained between the cost of steel 
reinforcement and the cost of expan- 
sion and contraction joints. In 
less than 30 ft. long reinforcing is not 
ordinarily employed except where 
severe frost or poor subgrade support 
indicate its use to be desirable as a 
precautionary measure. In longer slabs 
and under ordinary conditions not more 
than 40 to 50 lb. of reinforcing steel 
per square (10x10 ft.) is ordinarily 
used. 


slabs 


Bituminous pavements 

situm nous surfacings range from 
high to low type, including light sur- 
facing and dust-palliative treatments ; 
types lower than bituminous macadam 
are not considered here. 

3ituminous pavements are classed as 
rigid or flexible, according to the type 
of base upon which they are laid. The 
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higher types, h as sheet asphalt, 
bituminous concrete (either hot or cold- 


laid) and rock asphalt, are commonly 


suc 


(but by no means exclusively) con- 
structed on a concrete base with in- 
tegral header curbs 6 to 12 in. wide 
and are considered rigid pavements. 
Concrete base construction for rigid 


bituminous pavements is substantially 
the same as for brick pavements. 

High-type bituminous pavements are 
sometimes laid on flexible bases, par- 
ticularly where advantage can be taken 
of existing macadam or other surfaces 
that have considerable residual valu 
because of compaction under traffic but 
are inadequate for present traffic vol- 
ume and speed because they lack ade- 
quate ‘width or depth, have excessive 
crown or are rough. 

Bituminous Concrete—Sheet-asphalt 
and dense-graded bituminous-conc. ete 
surfaces are laid on binder courses, the 
total compacted depth of top and binder 
course varying from 2 to 24 in. The 
depth of binder course varies from | 
to 2 in. and the depth of top from 
3 to 15 in. Coarse-aggregate bitumin- 
ous-concrete pavements vary in depth 
from 2 to 24 in. and are laid without a 
binder course. Rock asphalt on original 
construction is usually laid in a single 
course to a compacted depth of 1 to 
14 in. Rock asphalt provides a natural 
non-skid surface texture; standard prac- 
tice calls for a non-skid texture 
on sheet asphalt and bituminous con- 
crete surfaces. Machine spreading and 
finishing to imsure true riding suriaces 
are standard practice. 

These requirements also hold when 
bituminous surfaces are laid on a new 
or a reconstructed flexible In 
their particular attention is 
given to the bearing power of the sub- 
grade; the pavement thickness is deter- 
mined for the most adverse subgrade 
conditions, which will ordinarily exist 
during the spring when subgrade 
moisture is ata maximum. Economy in 
design depends upon a proper balance 
between (1) expenditures for subgrade 
drainage and _ stabilization, and (2) 
depth of pavement. A major research 
project of the Bureau of Public Roads 
is directed toward establishing a basis 
for the rational solution of this prob- 
lem. 

New flexible-base construction 
high-type surfaces ordinarily consists of 
8 in. of compacted gravel or macadam 
laid in two courses and preferably ex- 
posed to traffic for a few months before 
the top is placed. Separate header 
curbs are sometimes constructed, but 
the more common practice is to extend 
the base about 12 in. beyond the edges 
of the top course to give edge support. 
When a bituminous base course is used 
the total depth of hase is reduced some- 
what, and in all cases due allowance 
is made for granular material or road 
metal already in place. The total depth 
of high-type bituminous surfaces and 
flexible base varies from 6 or 7 in. to 


—. 
also 


base. 


design 


for 


12 in. or more depending on subgrade 
conditions. The principle of stage or 
phase construction is applicable to all 
types of bituminous construction on 
tlexible base. 

Bituminous Macadam—T rue penetra- 


ot 


tion macadam was developed in the 
northeastern states, and its use is 
largely confined to them. It is con- 


structed to a depth of 24 to 3 in. using 
trap rock or other dense, hard aggre- 
gate, and is usually laid on a water- 
bound macadam base 4 to 5 in. deep. 
A gravel or fieldstone sub-base rang- 
ing from 4 to 12 in. or more in depth 
is used for heavy-traffic routes and to 


compensate for poor subgrade and 
severe frost action. 
Curbs used on rural highways are 


g 
) 


1 
confined almost entirely (1) to the lip 





curb used on grades in excess 


; lot age + per 
cent in areas where the soil is ticue 
larly subject to erosion and (2) to q 
sloping curb to outline raised center 


parking areas, traffic islands, an’ oth 
restricted zones. 
Lip curbs are constructed int 


eT 


with the pavement and are general|\ 
used only on concrete pavenents 
They are from 2 to 3 in. high at the 
outer edge and from 8 to 12 in. wide 


forming a shallow gutter at the eve oj 
the pavement but permitting vehicles ; 
pass over them without difficulty 
Paved flumes are provided at suitabi 
intervals to carry the surface \ 
the roadside. Sloping curbs to « 
raised center parking areas 
islands have a sloping face of 45 deg 
or flatter and are from 3 to 4 in 


oO! rathe 


A New Sense of Design Values 


Is Needed.................. 


HE EARTH ROAD has always 
been with us, and not much has 
been done until recently to im- 
it. In fact, instead of trying to 
better it the idea seems to have been to 
supplant it. Gravel was one of the 
materials that was first experimented 
with; Rome tried it, and built hundreds 
of miles of gravel ways, but as these 
were not wholly satisfactory broken 
stone was later tried. Broken-stone 
roads need to be compacted with a heavy 
roller, and there was none to be had; 
also, some sort of binder is necessary 
to hold the stone particles in place. In 
Mesopotamia asphalt was used; in Rome 
puzzolana cement was found to be suit- 
able, and the concrete road was invented. 


prove it. 


Ot course, it must be remembered 
that stone-slab, brick and_ bitumin- 
ous pavements had made their ap- 


pearance elsewhere as many as 2,000 
years before Roman roadbuilding began, 
but their history is not so well pre- 
served. 

Why this excursion into antiquity? 
Because if we look back through the 
centuries we find that in roadbuilding 
we are not far ahead of Julius Caesar’s 
day and age. We are using the same 
materials for the same purposes and the 
results will be similar. 

However, we do have a new means 
of locomotion on our highways, and 
whether or not we like it we are going 
to see this locomotion increase in speed. 
Our highways then must be built or 
rebuilt to accommodate very fast traffic. 
Our highway situation is that which the 
railroads faced forty years ago: They 
stopped building new mileage to im- 
prove what they already had—they con- 
structed new bridges, doubletracked 
lines, removed grades and curves that 
interfered with speed and safety, in- 
troduced automatic signal systems, be- 


...Jd. S. Crandell 


gan the removal of dangerous grade 
crossings and gradually but surely 
modernized their lines. Their motive 


power has always been years ahead oi 


their roadbed, just as is the case with 
our highways. 
Messy concrete thinking 
The same basic track defect is com- 
mon to both railway and highway—the 


joint. Despite the hundreds of inven- 
tions that the mind of man has evolved 
for rail joints a wholly satisfactory one 
has never been devised. And similarly 
the joints in concrete pavements and 
bases are the weakest element in road 
design. No one has developed a per- 
fect joint; if you think otherwise you 
have but to look at or ride over existing 
pavements. Here lies the opportunity 
for a great improvement in the rigid 
pavement. 

The designer must remember that the 
term “rigid” is comparative. Actually a 
concrete pavement is constantly in mo- 
tion, for it is expanding, or contracting, 
or warping, or twisting, or being pushed 
out of place by traffic or the elements. 
Sunshine and shade, snow and rain, 
wind and weather, all have their effect 
on the so-called rigid pavement. 

The engineering world has gone mad 
on the mathematical design of concrete 
slabs, and meanwhile faulty joints have 
proceeded to destroy these theoretically 
well-designed slabs once they are in 


place. Why not take a day off, forget 
bending moments and balanced sections, 
and, escaping from our moments 0! 


inertia, really evolve the perfect joint ‘ 
Let us not fool ourselves about te 
pre-eminence of concrete, but it is such 
a worthwhile product that it is a shame 
to see it so badly used and abused by 1! 
friends and its enemies. The design of 
concrete pavement has been worked over 
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i over and over again by a vast num- 
of persons. Frank T. Sheets has 
.e an excellent job in codifying much 
this work, relieving it of its higher 
thematics and bringing it down to 
rth, in his booklet issued by the Port- 
4d Cement Association under the title 
“Concrete Road Design.” 
Everyone knows that concrete cracks. 
| vervone who has observed the ma- 
rial knows that frequently when it is 
in highway slabs it cracks into 
eces that are less than 15 x 15 ft. 
These pieces may crack again and yet 
vain, until they approach what has 
said to be the size best suited 
highway work, namely, 4 x 4 ft. 
Now, we are aware of this character- 
stic, but we have not sought to make 
use of it. We have pretended that it 
ines not exist. All materials have their 
lefects, and cracking is the worst de- 
t that concrete is heir to. No mat- 


how well a concrete slab is made, 





would 
crack. 
ac- 


five’ or more years old 
that concrete tends to 
this, let us design 


slabs 
reveal 
Knowing 
cordingly ! 
We may and must invent a joint 
that will take care of expansion, con- 
traction and warping, be waterproof, 
transfer loads, be cheap and give no 
cause for complaint of any kind the 
year round. With such a joint we will 
lay concrete pavements in small slabs 
that will not crack and our pavement 
will be good for many, many years. 
Recently, vibrated concrete has been 
exploited. It is not new, but it has 
advantages that ought to be looked into. 
A denser concrete is produced and the 
slabs are stronger; the excess water 
and fines are brought to the top where 
they may be removed, or fresh aggre- 
gate (perhaps with extra cement) may 
be added and vibrated into the wearing 
surface. Again, a somewhat leaner 
mix may be used with well-vibrated 


ADVANCED DESIGN contemplates stabilization of gravel and soil road surfaces 


using bitumens, cement, 


lignum, deliquescent salts and other binding media; 


the 


view shows gravel stabilized with sodium chloride. 


if it is at all sizable it will and it must 
crack, for the very material that binds 
it together is the same that causes the 
mass to shrink and tear itself asunder. 
And still we go on ignoring this simple, 
well-established and ever recurrent 
fault. The blame is not that of the 
manufacturer, the salesman, the jobber, 
the contractor, the inspector, the tax- 
payer or the politician; it lies heavily 
and solely on the civil engineer. 

We have formulas without end, as to 
thickness of slabs, thickened edges, re- 
inforcement, joints, dowels, hinges 
along the center line, until the reader is 
lulled into the belief that these im- 
posing mathematical demonstrations 
will surely result in the production of 
the perfect pavement. ‘Alas! They are 
all based on the design of the con- 
ventional slab. The interesting fact 
which any concrete road or base would 


W e 
ell the designer he apparently never 


concrete 


rns. An examination of 


concrete. It is true with concrete as 
with cabinet work that the amount of 
binding medium should be the least pos- 
sible: too much cement is as disastrous 
as too much glue. The vibrator serves 
the same purpose with concrete that the 
handscrews do in carpentry; the ex- 
cess binder is forced out and the body- 


building particles are brought close 
together. We need to consider vibrated 
concrete. 


The Fedi vibrator and finishing ma- 
chine have produced some remarkably 
excellent results in Paris. A dry and 
very lean mix has been placed in some 
of the business streets, and the re- 
sulting pavements have stood up well. 
After elevent years of service the 
surface is free from objectionable 
cracks, and still offers sufficient fric- 
tion to prevent skidding. The Fedi 
methods are worth the investigation of 
American contractors. 

Except one-course concrete, all pave- 
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ments are laid on some kind of base or 
foundation. Concrete itself is the base 
most frequently used for new work. 
Whether to use rich or lean concrete, 
reinforcement and joints is a puzzling 
question. In city work, where cuts 
in the pavement are frequent, rein- 
forcing steel is a nuisance, and so the 
designer is tempted to lay a richer mix, 
forgetting that such mixes. crack 
worse than lean ones and that cracks 
in the base almost invariably show up 
in the surface later on. Joints also 
show through to the surface in time 
and therefore may be looked at ask- 
ance. On rural roads the best solution 
(until we have the perfect joint) may 
be the lean mix with light reinforce- 
ment. In cities that are growing it 1s 
probably well to leave out the steel 
and to add an inch or two in depth of 
concrete. In spite of the apparently 
excellent results in Washington, D. C., 
where joints and reinforcement 
been used to good advantage, the writer 
believes that the average city will get 
better and cheaper results by the 
methods just indicated. 

Further, there is the additional ex- 
pense of joints and steel, which will 
make the cost mount so rapidly that 
sheet asphalt, asphaltic concrete and 
brick pavements will be possible only 
in those regions where freight charges 
are very low or non-existent. 

The V-shaped center joint is of 
little value. If the perpendicular edges 
of the joint separate as much as 1/16 
in., then the V-section separates by the 
same amount, and, unless tied together 
by steel, there is no point of contact 
between the slabs, and, consequently, 
neither supports the other. In lapped 
joints the sliding of one piece of con- 
crete over the other is of more than 
doubtful value; such sliding may take 
place a few times, but ends when the 
joint becomes full of extraneous mat- 
ter. The true tongue-and-groove joint 
also ceases to function when dirt, 
crushed aggregate or the like enter it. 

There is a booklet on joints by L. J. 
Mensch. He gives us a historical re- 
view of joint designs since 1885. The 
booklet also gives us an analysis of 
stresses in slabs, dowel action and the 
requirements of good joint practice. We 
also have in the 1935-6 convention pro- 
ceedings of American Road Builders 
Association a discussion of joints and 
joint compounds which is led by H. F. 
Clemmer and followed by various manu- 
facturers. It would seem from read- 
ing these discussions that everyone has 
a joint and a filler, and yet the fact 
remains that none reaches perfection. 

Concrete curbs are laid to a greater 
extent than any other type. All too 
often they are finished much as a baker 
ices a cake. The process of finishing 
the surface ‘moothly induces the 
worker to pull over the bulk of the 
concrete a layer of fines that is not 


have 


integral. Furthermore, the curb is sel- 
dom thoroughly tamped or vibrated 


and hence its structure is like a honey- 
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comb. It tends to draw and hold 
water. This freezes and thaws through- 
out the winter and eventually the 
“icing” is broken off in chunks. The 
curb soon deteriorates. Often, too, no 
care is taken to see that room for ex- 
pansion is provided. Many failures 
are due to this. 

Concrete in curbs should be particu- 
larly well vibrated or tamped immedi- 
ately after it is placed in the form. 
It should be dry, and the facing tool 
should be used as little as possible. 
Reliance should be placed on the vi- 


brator. The granite curbs of those 
towns where such stone is available 


are superior to concrete, but they are 
much more expensive in first cost. 
However, they last forever. 


Brick has its troubles 


Paving brick require a sound base, a 
cushion that stays put and a filler that 
permits expansion and contraction of 
the brick and still is eternally water- 
proof. Brick have been laid over any 
and all sorts of foundations, but con- 
crete is the one usually specified. If 
this base cracks to such an extent as 
to permit the loss of some of the 
cushion course, then a low spot in or a 
failure of the wearing course is cer- 
tain. Many engineers prefer a lean 
concrete, since the cracks in it will be 
thinner than in a rich mix. Concrete 
base is laid from 5 to 7 in. thick, de- 
pending on soil and traffic. Over this is 
spread a l-in. cushion course of sand 
and bituminous binder. The brick are 
laid directly on this, and their joints 
are filled with bitumen. 

The filler has been causing trouble 
since the first brick was laid in Baby- 
lon. Interesting tests have been con- 
ducted in Ohio, and R. R. Litehiser, of 
the Ohio highway department, says cer- 
tain fillers were satisfactory on the 
Ohio test road in 1936, and are worth 
further study. 

If the base is as carefully constructed 
and finished as a concrete pavement, if 
the mastic cushion has at least 6 per 
cent by volume of binder of the proper 
grade, if the excess filler is removed 
before the pavement is opened to traf- 
fic, and if the brick are first class, 
there is no good reason why a remark- 
ably easy riding pavement may not be 


built to last indefinitely. For rural 
roads the concrete base should have 
the curb flush with the brick top. This 


curb should be about 1 ft. wide; then 
it will provide a thickened edge for 
the base. On city streets the curb will 
project above the brick. De-aired brick 
has made its appearance, but it is too 
early to say anything about its per- 
formance. Clean brick are not slippery. 
A slight film of asphalt over the sur- 
face makes the brick road dangerous. 


Bitumens need study 


Those who have been on the job 
know that every once in a while the 
asphalt is said to be non-adhesive. It 


does not seem to cling tightly to the 
aggregate, and after a heavy rain it 
will be found that the aggregate has 
shed its coat of asphalt and has taken 
on water instead. This needs thorough 
study. At present only a few know 
much about it, and the rest are inclined 
to pass over it lightly. If it is under- 
stood by all that aggregates, like peo- 
ple, have their likes and their dislikes, 
that they take up with water in place 
of asphalt, or vice versa, then we shall 
be in a better position to talk about 
the adhesive qualities of bitumens. At 
the moment it is suggested that water- 
preferring aggregates be heated to drive 
off moisture and, while hot, be coated 
with hot water-gas tar. A deposit of 
carbon will be left on the aggregate. 
Asphalt sticks to carbon, the carbon is 
already on the aggregate and so water 
is repelled. 

The sheet-asphalt pavement has been 
standard since the late seventies. It is 
slippery sometimes, especially when 
dirty; to make it more skidproof it is 
suggested that the final coating of the 
surface with either limestone dust or 
portland cement be omitted, and the 
pavement allowed to remain a dark 
color. 


Changes proposed 


Sheet asphalt is usually laid in two 
courses, each 14 in. thick, on a con- 
crete base. Lieut.-Col. Besson has sug- 
gested that the lower or binder course 
be omitted, and that a layer 1 in. thick 
be laid directly on the base. He cites 
such a pavement laid in Washington 
over a granite-block pavement, and its 
success (ENR, Oct. 15, 1936, p. 539) 
leads him to think that much care in the 
selection of base, binder course and 
sand and filler is unnecessary. He has 
used sand graded for concrete work 


with success. He is not the first to 
try the sheet top without a_ binder 
course. Many cities and states have 


tried it, only to find that usually it 
pushes and waves until travel over it 
is almost impossible. However, in the 
southern part of California it has been 
successful. 

It will do no harm to try out several 
sections using a l-in. thickness of top. 
B. E. Gray says that if the subgrade 
is firm a very thin ribbon-like applica- 


tion of bitumen will serve to carry 
any amount of traffic. Let us try it! 
Asphaltic concrete is preferred by 


many highway engineers, especially on 
state or federal highway work. Not 
much change has been made in its 
mixes recently, and there is nothing to 
add. When properly built, of suitable 
materials, bituminous macadam_ gives 
good service. All too often its failure 
can be traced to ignorance, stupidity 
and greed. There are many miles that 
have stood up well for vears, and to- 
day are in excellent condition. Both 
tars and asphalts are suitable. Some- 
times both materials have been used— 
tar for the first coat and asphalt for 





the seal. 


This is satisfactory. 

the cheapest form of pavement, 

requires vigilant maintenance. 
Ready-mixed cold-laid coaltar & 

ments are now satisfactory and n 

laid during late spring, summe: 


early fall. In 1926, when this 
was first laid in America, the top 

was somewhat coarse in texture. 
tended to reduce skidding to zer 

to make the road exceptionally 
For the speed and the tires of « 
years ago it was all right; but it 
found that as the larger size b 
tires appeared and as the sve 
cars increased the coarse surfaci 
whisked off by traffic. It is 
thought that the best plan is to | 

a relatively fine cover, bound wit! 
cient tar to hold it in place, a 

let the oxidizing effect of the we 
produce a sandpaper finish. Result. in- 
dicate that the idea is correct. 


Problems of other types 


Amiesite pavements have proved 
ular, when laid with sufficient skill 
care. This pavement is like the 
girl who was very very good or 
she was horrid; it is horrid only w 
mixed improperly and laid in the wrong 
season. Great trouble is experienced 
with all of the cold-lay types in coo! 
to cold weather, since they are almost 


unmanageable at low temperatures 
This is also true of rock asphilt 
products. 

Much use has been made of rock 


asphalt in thoes sections of the coun- 
try where freight rates do not operate 
against it too severely. The pavements 
so laid are skidproof and wearprooi to 
a great extent. The chief difficulty | 
to secure uniformity in the asphalt 
content. If this trouble is corrected 
there should be much rock asphalt 

for maintenance work and as a cush 
for brick and block pavements, as 

as for black top itself. 


Conclusion 


The chemist, the physicist, and th 
engineer have too long been separated 
They should come in under one banner 
for the good of the cause. Without 
their cooperation we are badly hindered 
The contractor may do some very 
wild things if left to his own devi-es 
He does not know the difference, rer- 
haps, between the different portland 
cements, between asphalt and tar, 
tween cutbacks and emulsions, and 
needs the help of others. Chemists 
and physicists do not agree on some 
matters connected with these roadbuil 
ing materials, and they should 
brought together, on the job, to read 
mark, learn and inwardly digest t! 
troubles of engineer and contract 
State and federal geologists should le 
in the picture. With the help of the 
agencies we shall learn much that 
still need to learn about the design 
road surfaces. 
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Research Needs Coordination 


\ ational and state roadbuilding agencies now base their selection and use of materials 


and processes on laboratory and field research, but in present knowledge many gaps 


remain to be filled by coordinated investigations—New 


AceNcies enumerated by . . . 


AccoMPLISHMENTS reviewed by 


VIRTUALLY every mate- 


material 


specifications needed. 


R. R. Lireniser, Chief Engineer of Tests, Ohio Department of Highways 


. F.C. Lanc, Highway Engineering Dept., University of 


& 
EDITOR’S 
INTRODUCTION 


Minnesota 


and their claims had to be 


rial used in modern road- 

building is specified and its 

compliance with the specification is checked 
by test. This close laboratory and _ field 
control has come about in the last two 
decades. 

Grown to astounding dimensions, as 
indicated by the articles that follow, high- 
way laboratories originated as _ small 
groups of workers with a few appliances 
for making routine tests. This mediocre 
position soon failed to measure up to the 
growing requirements of laboratory serv- 
ice. New materials and new traffic require- 
ments for roads were developing overnight 


searched out and their de- 
mands provided for by in- 
creased testing and experimentation. 

The step from here to original research 
was only a short one and the highway test- 
ing laboratory today has become a research 
laboratory in addition; in its cooperative 
work with other research ayencies it is 
establishing the science of materials be- 
havior upon which road design is based. 
The extent to which highway research has 
developed is told in the first article that 
follows. A second article reviews work ac- 
complished and points out the gaps yet to be 
filled in. 


Research an Integral Part 
Of Highway Design bared R. R. Litehiser 


HE  ROADBUILDER - today 
does his work with very definite 


knowledge of his materials sup- 
plied by testing engineers. Every state 
highway department has its testing 
laboratory, and in most states these are 
also research laboratories. In addition 
both testing and research are carried on 
by individual materials producers, by 
associations of materials producers, by 
federal departments, by engineering 
colleges and by commercial laboratories. 
Thus the highway designer has avail- 
able and constantly utilizes a wide 
range of testing and research labora- 
tory service. 

Research to develop and improve 
materials for highway construction was 
formally recognized by the Bureau of 
Public Roads upon its creation (1916) 
by including a division of tests in its 
organization. The division of tests of 
the bureau has conducted and is con- 
tinuing valuable research in the field 
of highway construction materials, the 
results of which are made available to 
tate highway departments by recom- 
mending specifications for materials and 
practices and through the bureau 
publication Public Roads. 


While the bureau has had much influ- 
ence over the testing activities of the 
different highway departments, the 
older departments, among them that of 
Ohio, had previously included in their 
organizations a testing engineer or 
engineer of materials, whose duty it was 
to determine the fitness of materials 
with which to construct highways. This 
duty was extended, as highway building 
assumed greater proportions, to include 
research directed toward improving 
these materials. 

The function of the highway testing 
laboratory is twofold: routine testing of 
materials in current use to determine 
their compliance with the specifications 
under which they are furnished, and 
research study of new materials and 
methods. The first function frequently 
brings to light information of distinct 
value in modifying existing specifica- 
tions so as to secure materials better 
suited to their purpose. 

The other function, study of mate- 
rials and methods, is carried on 
thyough two principal channels, namelv, 
research of the laboratory’s own under- 
taking and cooperation in materials re- 
search with such groups as the division 


of tests of the Bureau of Public Roads, 
other highway testing laboratories, the 
committee on materials of the American 
Association of State Highway Officials, 
the Highway Research Board, the 
American Society for Testing Mate- 
rials, and the research divisions of 
material producer organizations. The 
advantage of cooperative research is so 
generally recognized that most highway 
testing laboratories make this type of 
research their major activity. 

In either activity, the highway testing 
laboratory follows a similar plan. First, 
studies are carried on in the laboratory 
until results are sufficiently convincing 
to warrant trial on a field scale. Then 
the material (or it may be a method of 
handling or making a material) is tried 
out on a construction job with which 
continuous contact is maintained dur- 
ing construction and of which periodic 
inspections are made after completion, 
in order that field performance under 
actual traffic and weathering conditions 
may be known. The experience gained 
is used in modifying existing specifica- 
tions—or in case of new matcrials in 
preparing new specifications. 

A most valuable recent aid in re- 
search in highway construction mate- 
rials is the circular track, such as is 
utilized by the Bureau of Public Roads, 
by several highway testing laboratories 
and by at least one material-producer 
organization. This makes it possible to 
carry to a greater degree of finality the 
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less expensive study in the laboratory 
and thus to minimize the extent of 
costly large-scale field tests. 

At the present time few highway con- 
struction materials are accepted as the 
last word in their particular field. 
Laboratories are at work on cement, 
aggregates and concrete, particularly 
with respect to building a greater de- 
gree of durability into pavements and 
structures. This involves the develop- 
ment and use of accelerated weathering 
tests on the ingredients of concrete as 
well as on concrete itself. 

In the field of soil stabilizers, owing 
to the comparative newness of the so- 
called stabilized road, highway testing 
laboratories are devoting most of their 
interest to field trials of stabilizers on 


which the initial laboratory study has 
been done by the industries producing 
them. As a result of these field trials, 
correlated with laboratory studies of the 
stabilizers themselves, the relative 
merit of the several stabilizers is being 
determined, as is also the most satisfac- 
tory way of applying them. 

Rarely today does a manufacturer 
offer his product without an account of 
the laboratory study and control in- 
volved in its development and manufac- 
ture and its performance under test. 
The highway testing laboratories are 
the proving grounds upon which these 
materials are given their final trial, 
strictly from the user’s point of view, 
before their use in highway construction 
is recommended to highway departments. 


Broad Gaps Are Still Open 
in Highway Research.........4.¢. can 


ECHNICAL SKILL and a broad 

scholarship interest in materials 

research are vital requirements 
of the director and workers of roads 
laboratories. This is an increasing re- 
sponsibility on highway administration. 
The materials engineer for a state high- 
way department writes specifications for 
many different materials and sees that 
these materials comply with the speci- 
fication requirements and are properly 
used. It is usually his duty also to 
supervise the combination of different 
raw materials, as in the field manufac- 
ture of portland cement concrete. Finally, 
he must carry on true research in con- 
nection with materials and their uses. 

To do this work properly, a materials 
engineer has to keep informed on devel- 
opments in the manufacture and uses 
of the wide variety of materials on 
which he has to pass judgment. He 
should be able to meet the specialist 
from any material company on an intel- 
lectual level, and also to convince the 
owner of the rejected local gravel pit 
that he knows what he is doing; he is in 
a much better position to do this if he 
is enabled and encouraged to participate 
in the work of national technical socie- 
ties and to engage in research with men 
from different parts of the world who 
have similar interests. 

Before discussing future research 
organizations, it is well to review what 
tests and research have accomplished to 
increase knowledge of some of the more 
widely used road materials, and to in- 
dicate gaps in knowledge that need to 
be closed by future research. 

The bituminous materials used in 
highway work, generally classified as 
asphaltic products and tars, may be used 
in a number of different consistencies, 
from solids to liquids of varying viscosi- 


ties at ordinary summer temperatures. 
There is considerable dissatisfaction 
among engineers about practically all 
the current specifications for these ma- 
terials. 

The asphaltic products may be divided 
into the asphalt cements, which are solid 
or semi-solid at ordinary summer 
temperatures, and the liquid asphaltic 
products such as road oils, cutbacks and 
emulsions. The present specifications 
for asphalt cements are for the most 
part based on tests developed during the 
last century—tests devised to identify a 
few asphalts that were giving good 
service in eastern pavements at that 
time. Since then asphalts have become 
a common construction material over 
the entire country, they are derived 
from various petroleums, and _ the 
manufacturing methods are different 
from those in use when the tests were 
developed. 

Many engineers are of the opinion 
that unsuitable asphalts may comply 
with the present standard specifications. 
Some have written special test require- 
ments to get material from a certain 
geographical area or to exclude prod- 
ucts manufactured in some particular 
manner: Fluidity factor, sulphur con- 
tent, Oliensis spot test and low tempera- 
ture ductility, are among the tests de- 
veloped lately for these purposes. But 
other engineers are of the opinion that 
specifications based on these special tests 
exclude asphalts from which - satis- 
factory service has been obtained. 

There are even more misgivings about 
the liquid asphaltic products, especially 
the road oils, or, as they are now 
commonly designated, the slow-curing 
The road oils were first used as 
dust palliatives and later for mat con- 
struction of dense-graded mixtures. In 


oils. 





the beginning crude petroleurn, was 
used, but later it became the pr ictice 
to use liquid residuums. As roid oj! 
came into more common use, ene: neers 
in different parts of the country 
writing specifications for the 
they wanted. These specificatio: 
ally included requirements for 5. 
ity; the percentage of volatile inde; 
some evaporating condition, and 
basic tests on the asphalt-cement res}. 
due. For a time there were nearly as 
many different specifications for road 
oils as there were consumers. This 
was unsatisfactory both to the manv- 
facturers, who had to prepare Vv 
products, often varying only in minor 
details, and to the engineers who hed 
to compare results. 

Lately the Bureau of Public Roads 
and the Asphalt Institute hav: 
formed a real service by obtaini: 
greater uniformity in specifications for 
the medium- and rapid-curing cuthacks 
and the slow-curing oils. The 
cations for cutbacks are now pract 
the same throughout the country, 
the specifications for both the cuthacks 
and the slow-curing oils come fro: 
use of the special identification tests 
previously mentioned. 

The Bureau of Public Roads and t! 
Asphalt Institute did not attempt to 
standardize the specifications for 
phalt emulsions. The emulsions are not 
as widely used as the other liquid as- 
phaltic materials, and as yet the specifi- 
cations for them are in a formative 
period. Any improvements that are 
made in the specifications for asphalt 
cement also apply to asphalt emulsion. 
There may be some question as to the 
significance of other tests, such as de- 
mulsibility and stone coating. Some 
engineers are of the opinion that there 
is no relation between the breaking of 
an emulsion when a calcium chloride 
solution is added and the breaking of 
the emulsion under field conditions. The 
stone coating test gives information 
concerning the ability of the emulsion 
to coat the stone, but the expressed 
results depend too much upon the judg- 
ment of the operator. 

It would be very helpful if new tests 
were developed which would show di- 
rectly the necessary properties of cemen- 
titiousness and durability. These, with 
the present tests for consistency, 
volatility, bitumen content and_ flash 
point, should be sufficient, and the en- 
gineer could then be sure of safety, of 
ease in handling and of service he- 
havior on the road. The specifications 
should so define the quality desired that 
it would not be necessary to tell the 
manufacturer where he must obtain his 
crude oil or what methods he must or 
must not use in manufacturing. The 
resolutions passed at the recent Montana 
Bituminous Conference and at the Na- 
tional Road Oil and Asphalt Congress 
show that both consumers and produc- 
ers realize the need for cooperative re- 
search to establish fundamental data 
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which more suitable specifications 

be based. 
Specifications for tars have not re- 
ved as much publicity as those for 
haltic materials, but most of the 
tions to the latter apply equally to 
roducts specifications. At a recent 
‘ne of the committee on materials 
” American Association of State 
Highway Officials a specification for 
teen different grades of tar was 
d. This specification is no dou)t 
das can be written at the present 
time. hut there is nothing in it to meas- 
; rvice behavior on the road, 
su as cementitiousness and 
durability. All that the specifi- 
cation covers is viscosity, vola- 
tilit purity, bitumen content, 
m from excess water, spe- 
fic gravity and general require- 
ments to exclude petroleum prod- 
ucts with the exception of water- 
gas tar. It is certain that there 
mav be considerable difference 
in the road behavior of tars 
conforming to this open specifi- 


cation. 


the 


Cement still a problem 


About a decade ago it ap- 
peared as if both manufacturers 
and consumers were perfectly 
satisfied with the cement then 
manufactured. There continued 
to be much research with a 
view to finding new and better 
ways of making and placing 
concrete and it was generally 
realized that further study of 
aggregates was desirable, but 
it seemed to be felt that there 
was no more need of trying to improve 
cement than of trying to improve gran- 
ite. Naturally under such conditions 
there was alarm among manufacturers 
and some misgivings among engineers 
when the Missouri highway depart- 
ment announced, in 1926, that it in- 
tended to raise the seven-day tensile 
requirement on briquets from 200 to 
225 Ib. This was heresy! 

Since that time, as everybody knows, 
the standard specification for portland 
cement has been changed on the strengt.1 
of new data obtained through research 
and experience, and changes will prob- 
ably continue for many years to come. 
well as consumers are 
research cements and 


Producers as 
very active in 
concrete. 

A criticism of the present standard 
specification is that, while the tensile 
test requirements have been raised, no 
other changes have been made. As an 
example, the old and present require- 
ments for fineness are meaningless when 
applied to the modern cements. At a 
recent meeting the highway officials’ 
committee on materials went on record 
as favoring the “specific surface” 
method for specifying fineness. The 
development of the turbidimeter for 
measuring surface area is a_ recent 


achievement in research on cements. 

In addition to the changes in normal 
portland cements, progress has been 
made in the manufacture of high-early- 
strength portland cements and of ce- 
ments that generate less heat during 
the early setting period. While thee 
may be some temporary contusion, it 
appears certain that in the future there 
will be special cements manufactured 
for different uses. A so-called standard 
portland cement may be entirely 
factory for most 


Satis 
purposes, but for 
special uses, as where great setting heat 





MEASURING ROAD ROUGHNESS is 

a check on the accuracy of construction 

and a resource of modern research in 

studying wear and other behavior of 
surfacing materials. 


is detrimental, it may be desirable to 
sacrifice some early strength to avoid 
excessive volume change. Where there 
is exposure to acids or alkalis it may 
be advisable to change the chemical 
composition of the cement to obtain 
durability. These are duties of further 
research. 

At the present time there is need for 
some rational method of evaluating the 
different cements according to their 
concrete-making properties. Laboratory 
tests frequently indicate that concrete 
made with one cement is stronger and 
more durable than concrete made with 
some other cement; yet there does not 
seem to be any practical method of 
applying this information when receiv- 
ing bids on public work. 

It is evident that a special cement at 
a higher cost per barrel than a normal 
portland cement may make concrete 
of the required strength and durability 
at less cost, but it is difficult to devise 
any method of purchasing cement on a 
sliding scale based on quality. There 
are usually many cements available for 
any job, and while there may be large 
differénces between the concrete-making 
properties of some, others may differ 
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but little when measured on a strength 
basis. 

An early-strength test is not fair, 
because some good cements set slowly; 
there usually is not time to wait for 
long-time tests before making the con- 
tract award, and if the award were 
made on a close margin the quality of 
the cement would have to be watched 
very closely during construction. Never- 
theless it seems basically right to pay 
according to quality, and let us hope 
that some large consumers will devise 
a way to do so. It would stimulate re- 
search in the manufacture of 
portland cements. We definitely 
need a short time method for de 
termining the quality of cements 
as to strength and durability. 


There has been a_ large 
amount of research on ag- 
gregates for concrete. The 


American Society for Testing 
Materials published a sym- 
posium on Mineral Aggregates 
in 1929, and later (1935) a re- 
port on the significance of tests 
of concrete and concrete aggre- 
gates. The American Associa- 
tion of State Highway Officials 
and the American Society for 
Testing Materials have pub 
lished specifications for aggre- 
gates for portland cement con- 
Crete. 


Aggregates need study 


No excuse exists today for 
the old-type specification which 
stated that the aggregates should 
be clean, hard, durable, free from 
adherent coatings, well graded 
and should not contain an excess of 
flat and elongated particles or dele- 
terious substances. In the present 
A.S.T.M. specification, thirteen differ- 
ent test methods are given for measur- 
ing the quality of aggregates. 

Important research work on agegre- 
gates now under way is an investigation 
of the Los Angeles rattler test to replace 
the Deval abrasion and the toughness 
tests. The Los Angeles rattler test is 
made in fifteen minutes on a plant-run 
sample and gives more concordant re- 
sults; it will probably be used by many 
state highway departments as soon as 
enough data are available for specifying 
suitable test limits. A report on mag 
nesium and sodium sulphate tests for 
durability of aggregates was made by 
the committee on mineral 
at the last meeting of the Highway Re 
search Board; it seems to be the general 
opinion that these tests are of val 
for information, but the erratic results 
frequently obtained make their use in- 
advisable as a specification requirement. 

There are other items on which we 
need further information before specifi- 
cations can be made definite. Some of 
the present test limits are questionable. 
We still leave the rejection of ‘most 
deleterious substances to the judgment 


aggregates 
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of the local engineer. Some specifica- 
tions set limits on coal, clay lumps and 
shale, and name other objectionable sub- 
stances. In the past, aggregates have 
been considered as inert particles bound 
together by a cement paste, but tests 
have shown that the strength of con- 
crete varies according to the minera- 
logical composition of the aggregate. 
In the future, perhaps consideration may 
have to be given to still other proper- 
ties, such as absorption, adsorption, 
acidity and polarity. 

There are many different types of 
bituminous roads and there is con- 
siderable variation in the specification 
requirements for the aggregates. In 
general, the same test methods may be 
used for measuring structural strength, 
durability, cleanness and gradation that 
are used for aggregates in portland 
cement concrete, the test limits will 
vary according to the type of surface 
and the materials available. 

An important consideration in select- 
ing aggregates for use with a bitumin- 
ous binder is whether an aggregate is 
hydrophilic or hydrophobic. The bitu- 
minous coating on a hydrophilic aggre- 
gate separates from the stone in the 
presence of water; such a stone has a 
greater affinity for water than bitumen. 
The bitumen coating on a hydrophobic 
aggregate cannot easily be displaced by 
water. So-called strinping tests for 
measuring this property have been 
developed by a few investigators, but 
as the test has not been standardized it 
has not generally been used in specifica- 
tions for aggregates on bituminous 
work. 





IMPROVED ALIGNMENT cuts out a 
sharp kink in the old road, regularizes 
the profile and gives more flood head- 
room at the bridge; stabilized shoulders 
and a wide bridge represent advanced 


which calls for flatter cut 
increase sight distance on 
the curve. 


practice 
slopes to 


Hydrophilic stone may safely be used 
if its properties are modified by intro- 
ducing some admixture. Again there 
is a difference in the stripping action of 
different bitumens. More research 
work is urgently needed to determine 
causes of stripping and to develop cor- 
rective measures. 


Soil stabilization 


Until the past four or five years it 
was general practice to use pit-run 
gravel in gravel surfaces. Many en- 
gineers considered that gravel roads 
would not be economical if the cost 
were increased by added refinements. 
3ut in recent years the stabilized gravel 
road has been developed, and specifica- 
tions have been formulated that place 
the design of such surfaces or bases 
on an engineering basis. We now 
have a definite method for ascertaining 
when the gravel has the correct grading, 
and for selecting and proportioning the 
clay binder. 

Much progress has been made in the 
past three years in improving natural 
there have been some very en- 
couraging field experiments using port- 
land cement, tar, asphalt emulsions, 
road oils or cutback asphalts. Lahora- 
tory research is also under way. Some 
of our best engineers are working on 
the problem, and it should be only a 


soils: 





matter of time until definite procedures 
are established. It is a fertile field for 
research. 

Surveying the highway research work 
of recent years one is bound to say that 
it has not been highly efficient. Organi- 
zation was and is inadequate. The work 
is carried on largely by enthusiastic in- 
dividuals in various parts of the country, 
some of whom plan their work well and 
carry it carefully through to fruition 
while many others start without thor- 
ough advance study of the problem or 
knowledge of what has been accon- 
plished by others. These latter investi- 
gators soon become entangled in the 
many variables encountered and give 
up, and accomplish little beyond in- 
creasing their own knowledge. 

If the novice could be 
guided, he would contribute to our 
knowledge and maintain his own 
terest. As a result, there would be 
an ever-increasing number of com 
petent experts making valuable c 
tributions to our highway 
This might be accomplished by means 
some central agency that would maint 
a corps of consultant experts to ad) 
how to proceed with an investigati 
and also to assist in compiling 
evaluating the data. There should 
some field men to contact the local 
search workers for the purpose 
stimulating enthusiasm and emphasizi! 
accuracy. The Highway  Resei! 
Board appears to be the proper cent: 
agency for carrying on such work. U 
fortunately, sufficient funds for t! 
purpose are not available; an endo 
ment could be used to good advantage 
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Line and Profile Improvement 


\ew standards of alignment, grade and across-road dimensions and profile are developing 


from experience; 


+ruction and modernization of existing highway 


(JoVERNING REQUIREMENTS stated by 


\<yprep ROAD AND TRAFFIC PATTERN urged by 


IN DEVELOPING present 
highway systems the first con- 


rational methods of design, are practicable only in a few details—Recon- 
facilities bring problems of a new character 


C. N. Conner, U. 8S. Bureau of Public Roads 


EDITOR’S 
INTRODUCTION ed 


design 
lined in the articles that fol- 


Pror. W. G. McNown, University of Kansas 


practice as out- 


sideration was to provide 

connected routes with travelable surfaces. 
Design thinking centered on producing 
smooth durable trackways. These encouraged 


increased travel volume and speed and 
design for operation pressed hard for 
attention. 

Without disregarding surface, design 


thinking turned to line and profile and to 
width and shape of roadway cross-section. 
Gradual at first, this change of attention 
has turned sharply upward in the last few 
years. To day there is a fairly well round- 


low, governing line design, 
longitudinal profile and roadway cross- 
section. This practice is particularly 
important to consider because it does 
not apply to new roadbuilding alone. 
A second era of road improvement 
that now confronts highway engineers 
is the reconstruction and modernization 
of existing highway operating facilities. 
We are faced with highway obsoles- 
cence now because twenty or even ten 
years ago we had little foresight of high- 
way transport problems to come. 


Design Trends To Correlation 
with Traffic Needs...........c..v. conner 


RESENT SPEED and traffic re- 
I seni have set higher stand- 
ards of design that call for 
modernizing old roads and_ building 
new roads to better line and profile. 
Obsolescence and its fatal effects on 
trafic are greatest on main highways 
constructed ten and fifteen years ago to 
designs then suitable for local needs 
but which are now inadequate and un- 
safe. Vehicles now travel about twice 
as fast as then, traffic volume is many 
times as great and radius of travel is 
unrestricted. The need to improve these 
old trunk highways to standards ade- 
for safe travel is imperative; 
whether the improvement calls for the 
vision of existing alignment or a 
new location is to be decided for each 
irticular case. 
\ny road can be modernized by re- 
ducing curvature, producing longer 
ght distances; superelevating, spiral- 
and widening curves; widening 
idways; filling deep ditches, and 
icing warning signals. We must rec- 
cnize, however, that not more than 
out 5 per cent of the 324,000 miles 
state highways can or will need to 
advanced beyond the stage of ade- 


quate 


quate two-lane improvement. The cost 
of building this 5 percent to four-and 
six-lane widths would be about four 
billion dollars, which is more than we 
are able to pay in the near future. 

With these facts in mind considera- 
tion is given here to some of the ele- 
ments of best present practice in the 
design of alignment, profile and cross 
section in their relation to safe and 
comfortable travel. The roads consid- 
ered are those clear of urban areas, 
classed by the American Association 
of State Highway Officials as Class B 
roads, carrying daily from 750 to 4,000 
vehicles and, to a lesser extent, Class 
A roads, carrying 4,000 or more 
vehicles. 


Travel Speed 


Each detail of a highway can, with- 
in reasonable limits, be designed for a 
designated speed. Under present-day 
conditions primary roads should be de- 
signed to permit safe operation at a 
speed of 60 miles or more per hour in 
non-mountainous country and at least 
40 miles per hour in mountainous 
areas. Designs should also be balanced 


throughout the length of a road so 
that the driver is not suddenly confront- 
ed with abrupt changes in alignment, 
grade, cross-section or traffic conditions 
calling for unreasonably low or dan- 
gerously high speeds. Unavoidable ob- 
stacles may require a short part of the 
highway to be designed for a speed 
lower than that for the highway as a 
whole, in which case conspicuous pave- 
ment markings, signs, signals or other 
traffic-control devices of uniform de- 
sign and general application should be 
used to warn the driver of approaching 
danger. 


Vehicles and grades 


The present range in weight, speed 
and power of vehicles is wide, but there 
is a steady trend to greater power and 
speed in both trucks and passenger 
cars. Grades are important because of 
their effect on the heavier and slower 
vehicles. The performance of heavy 
trucks on upgrades indicates the limit 
of a highway to carry without conges- 
tion relatively large volumes of traffic. 

The rated capacity of modern trucks 
of the 14-ton class shows them to be 
capable of a speed of 30 miles per hour 
on 5 percent grades. This is the most 
numerous class of vehicle transporting 
goods. An increase of grade to 6 per- 
cent reduces the rated speed of most 
trucks to or below 30 miles per hour. 
On 5 percent grades the heavier trucks 
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(5 to 74 tons rating), having a gross 
vehicle weight of from 15 to 18} tons, 
are now capable of speeds, in some 
cases, approaching 30 miles per hour, 
but because of grade to 6 percent 
reduces their speed in most instances to 
20 miles per hour or less. 

The average combustion engine loses 
about 3 percent efficiency for each 1,000 
ft. of altitude. On a grade at an eleva- 
tion of 10,000 ft. an automobile or 
truck is only 70 percent as efficient as 
at sea level. Thus highway grades in 
high altitudes need to be flatter than at 
low elevations. Actually many trucks 
now on the road slow down to 5 or 10 
miles per hour near the summits of long 
sustained grades, and on two-lane and 
most three-lane roads cause unjustifiable 
delay and congestion. 

The difference in rated capacity and 
actual loading of trucks on the road 
has resulted in a confused record out 
of which the engineer can with diffi- 
culty derive facts which he can apply 
to the design of grade, curvature and 
sight distance. J. T. Thompson, high- 
way research specialist, U. S. Bureau 
of Public Roads, and professor of civil 
engineering, The Johns Hopkins Uni- 
versity, in A Study of the Weights and 
Dimensions of Trucks, (Public Roads, 
May, 1935) makes clear that the 
heavier loading of smaller units in rela- 
tion to capacity is evident, and that the 
heavier gross loads are not by any 
means carried exclusively on vehicles 
of the larger rated capacity classes. On 
the contrary, the smaller rated capacity 
classes are represented by significant 
numbers of vehicles in each group up 
to the 30,000-Ib. limit. Professor Thomp- 
son says: “Loading in excess of rated 
capacity is far more prevalent in the 
case of small trucks than large ones. 
On the average, the 14-ton trucks were 
found to carry one and two-thirds as 
much as the recommended load, while 
the 5-ton trucks averaged just about 
their rated capacity load. In extremes, 
the smaller truck is loaded to four, 
five and even six times its rated ca- 
pacity; the larger one is seldom loaded 
more than twice its capacity.”, The 
engineer should consider data of this 
character in relating vehicle capacity 
and power to speed on grades. 

Present recommendations of the 
American Association of State High- 
way Officials call for a desirable max- 
imum grade of 5 percent on roads hav- 
ing more than two traffic lanes and 
carrying 4,000 or more vehicles daily 
where more than 15 percent of the 
total traffic is commercial, otherwise 6 
percent maximum, and on_ two-lane 
roads carrying from 750 to 4,000 ve- 
hicles daily a maximum of 5 per cent 
where feasible but not more than 8 
percent in any case. Present practice 
indicates that in non-mountainous areas 
grades of 5 percent which are more 
than 500 ft. long may well be flattened; 
and that in mountainous areas grades 
of 8 percent and more that are longer 


than 500 ft., and involve considerable 
curvature should be improved by grade 
reduction, compensation on _ sharp 
curves or the addition of a traffic lane 
for slow traffic. 


Sight distances 
Sight distance involves volume and 


speed of traffic, number of traffic lanes, 
vertical curvature and horizontal curva- 


ture. It is recognized that sight dis- 
tances on four-lane highways may 
safely be shorter than on two-lane 
roads, and that on three-lane roads 


sight distances must be longer than on 
either four-lane highways or two-lane 
roads. Sufficient recognition, however, 
is not given to the fact that the prin- 
ciples of safe highway design greatly 
limit the application of the three-lane 
highways. The safe use of three-lane 
highways is limited because in most 
topography adequate sight distances are 
not obtainable at reasonable construc- 
tion costs. A third traffic lane added 
to a two-lane highway to carry slow 
moving traffic on long steep upgrades, 
if physically separated from the other 
two lanes by a suitable barrier, would 
facilitate the free flow of traffic and re- 
duce accidents. 

The general feeling is that 1,000 ft. 
is the shortest sight distance that may 
be regarded as reasonably safe on two- 
lane roads to be traveled at 60 miles 
per hour. In a distance of 1,000 ft. 
a driver of a vehicle moving at 60 
miles per hour can normally pass 
another vehicle moving at 40 miles per 
hour and avoid collision with an ap- 
proaching vehicle traveling at 60 miles 
per hour. If the difference in speed 
between the overtaking and overtaken 
vehicle is large the safe passing dis- 
tance is much less than when the dif- 
ference in speed is small. If more 
than one vehicle is to be passed the 
safe sight distance must be greater. 
Road conditions related to safe passing 
distance need further study. 

On primary two-lane highways in 
non-mountainous areas sight distances 
of 1,000 ft. or more should be readily 
obtainable, whereas in mountainous 
areas it may be difficult to obtain as 
little as 650 ft. Sight distances on 
four-lane highways having parkways 
or median strips separating the oppos- 
ing traffic lanes may be reduced ap- 
preciably below those on two-lane or 
three-lane roads because the possibility 
of accidents on them is limited largely 
to rear-end collisions. The safe sight 
distance for four-lane roads, therefore, 
should be at least that distance in which 
a moving car can be brought to a full 
stop. It will range from 300 to 700 
ft. depending on the speed and braking 
power of the vehicles involved. The 
American Association of State High- 
way Officials recommends a minimum 
sight distance of 500 ft. for four-lane 
roads and 800 ft. minimum on other 
Class A and B roads. 





In hilly and mountainous are.s the 
sight distance is usually limited oe 
of frequent horizontal and yor. 
tical curves, and sight distances ; 3 
ft. on existing main highways are yo; 
unusual. A combination of hor | 
and vertical curvature is not sa; 
causes congestion and accidents. \\ here 
short sight distances cannot be avoid 
designs should provide at frequen: jp. 
tervals sections of alignment where th 
sight distance is sufficient to mit 
overtaking and passing in safety. Rol] 
ing grades are economical and not ob. 
jectionable except where secondary rolls 
produce short blind sections or pockets 
that are not seen by drivers until an 
oncoming vehicle unexpectedly s 
into view. 

On long upgrades where sight dis- 
tances are too short for safe passing 
two-lane highways should be widened 
to four lanes or a third lane provided 
solely for the slower moving vehicles 
on which they would be forced to 
travel while being passed by faster 
vehicles. 

Designs of grade lines which reduce 
first cost by balancing quantities of 
cuts and fills are less desirable than de- 
signs which make possible the econom- 
ical operation of vehicles, freedom 
from congestion and the elimination 
of hazards. Safety and utility on main 
highways must not be sacrificed to re- 
duce construction costs. Life is more 
valuable than earth and rock. 





Horizontal curvature 


Most designs call for alignment con- 
sisting of a series of tangents con- 
nected by simple curves. Except for 
the monotony of driving by day and 
the disconcerting, blinding glare of 
headlights by night long tangents may 
be traveled in comfort at maximum 
speeds. Slight changes in direction are 
desirable but abrupt changes are al- 
ways a source of danger. A _ short- 
radius curve hidden from view at the 
end of a long tangent constitutes a 
serious hazard. On primary roads in 
non-mountainous areas a 6-deg. curve 
(about 1,000 f*. radius) is considered 
to be a reasonable maximum, and 
hilly and mountainous areas a curve of 


14 deg. having a radius of about 400 


ft. is a desirable maximum but is no 
always attainable in the most rugged 
Every effort should be made 
avoid sharp curvature on steep grades 
Compound curves and reverse curves 
are not in general use on primary 
routes under the jurisdiction of stat 
highway departments, but they hav 
been used satisfactorily in difficult 


areas. 


mountainous topography for boulevard 


and park road construction. 

The American Association of Stat 
Highway Officials recommends a mini- 
mum sight distance of 800 ft. on hori- 
zontal curves. In mountainous countr 
a clear sight distance on horizontal 
curves of 500 or 600 ft. for desig: 
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ls of about 40 miles per hour is 
idered reasonable. The minimum 
t distance in any case should be 
ter than the braking distance of 
vehicle for the maximum safe speed 
he curves involved. The best de- 
ns provide an easy flowing alignment 
tful to the traveler and free from 
rp curvature or unusually long tan- 
ents likely to prove dangerous for the 
rage driver. 
Spiral Transitions — Transitions 
hould be used for all except extremely 
t curves to encourage the driver to 
in in his lane and to provide a 
other riding highway of pleasing 
earance. A theoretically exact 
ition curve is complicated and its 
ithematical solution difficult. The 
rage highway engineer has believed 


spiral transitions too complicated for 
Id and office work; transition curves 
ll become a fundamental part of 
chway alignment when accurate 
» methods of computation are developed 
® which are sufficiently simple for prac- 
l use. Drivers cut corners on curves 
hout transitions because of a natural 
lency to reduce the shock of the 
ilden application of centrifugal force 
changing from a straight to a circu- 
motion, and because it is difficult 
maintain a maximum uniform speed 
when holding the:vehicle in its proper 
raffic lane. 
The length of transition is sometimes 
a "3 


® obtained by the formula 1.6 — 





ig y 


Where V’ is the speed of the vehicle 






VAGARIES OF ALIGNMENT on a 

prairie road that had a record of many 

accidents were reduced by relocation 
according to advanced practice 


in miles per hour and R the radius of 
the curve in feet. Superelevation should 
be run off uniformly in the length of 
the transition. The length of transi- 
tion obtained by the above formula per- 
mits a comfortable rate of run-off but 
is sometimes too short for good ap- 
pearance. The length of transition 
therefore should be increased when the 
slope of the outer edge of pavement 
with respect to the normal center line 
is greater than 1 in 200 in all except 
mountainous terrain where 1 in 150 
may be permitted. 
Superelevation—The relationship be- 
tween E the superelevation slope, F 
the side friction factor, V the speed of 
a vehicle in miles per hour, and R the 
radius of curve in feet may be repre- 
sented by the formula 
; . 
E+ F = .06, (1) 
R : 
It is common practice to follow the 
latest recommendation of the American 
Association of State Highway Officials 
to design superelevation to counteract 
all centrifugal force wherever possible 
when a vehicle travels at an assumed 
speed of 35 or 40 miles per hour, and 
rely on varying amounts of side fric- 
tion to keep vehicles on the road when 


they are traveling at greater speed. 
The formula is as follows: 
; Vy? 
E = .067 —~ (2) 
R 


which omits F, the side friction factor. 
Maximum curvatures recommended by 


the association for various classes oft 


roads are based on traffic den ity. 


Some engineers consider it wiser to 
base the design of curvature and 
elevation on assumed design speeds using 
formula (1) and amounts of side fric- 
tion which are considered safe. Recent 
tests indicate that a side friction corre- 
sponding to a factor of 0.16 may be used 
with safety up to a speed of 60 miles per 
hour and smaller factors may be used 
for higher speeds. The practical maxi- 
mum superelevation slope is about 14 in. 
per foot. 

Widening — Pavements on sharp 
curves are widened to allow for the 
extra width occupied by a vehicle, or 
vehicle and trailer, and because of the 
difficulty of keeping in the center of the 
occupied lane. A modification of the 
formula for widening recommended by 
the American Association of State High- 
way Officials follows: 


super- 


V 
W n (R — R? — L?) +3 


W is the total widening in feet, n the 
number of lanes, R the radius in feet, L 
the wheelbase in feet (20 ft. recom 
mended), and V the speed in miles per 
hour. The first part of the expression 
represents the extra width occupied by a 
vehicle on a curve and the second part 
allows for the difficulty of keeping a ve- 
hicle in the center of the lane. Widening 
generally is added entirely on the inside 
of a curve. Where adequate transitions 
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re used widening may be made propor- 
tional to the distance from the beginning 
of the transition, 


Roadway cross profile 


We cannot reasonably expect to re- 
duce accidents due to crooked and nar- 
row roads unless we provide right-of- 
way sufficient for improvements designed 
for safety. To provide greater safety 
the Florida state road department now 
insists on a 200-ft. right-of-way for every 
new state highway. The Indiana state 
highway commission feels that the great- 
est contribution to motoring © safety 
during the past three years has been 
widening rights-of-way, making it pos- 
sible to widen shoulders, extend culverts 
and build shallow side ditches. Other 
states are calling for a minimum of 100 
ft. for right-of-way on main roads in- 
cluding the Michigan state highway de- 
partment which uses widths of 100, 120, 
150, 200 and 204 ft. 

Shoulders—Modern vehicles are less 
subject to breakdowns than those of for- 
mer years and the need for parking on 
shoulders to make repairs is greatly re- 
duced. The occasionally parked vehicle 
should be kept off the pavement. Com- 
mendable efforts are being made to pro- 
vide extra shoulder width at rural mail 
boxes, bus stops and special parking 
areas just off the road where scenery 
may be viewed or vehicles repaired with- 
out obstructing traffic. Shoulders how- 
ever have two other important functions, 
first, that of protecting the pavement 
from damage by water and melting snow, 
and second, that of providing an all- 
weather waterproof surface for vehicles 
in motion which have been forced off the 
pavement surface for any reason. 

A desirable section for a modern two- 
lane highway of the classification under 
consideration is one having a_ paved 
width of 22 ft. and bituminous treated 
gravel, stone or slag shoulders having a 
minimum width of 8 ft. 

Grass or sodded shoulders on heavily 
traveled narrow pavements cannot be 
maintained in a satisfactory manner at 
reasonable cost because traffic prevents 
the growth of grass and cuts the shoul- 
ders extensively. They are suitable only 
where traffic is relatively small in volume 
and where there are few buses or wide 
trucks likely to run off the pavement. 
Extensive pavement failures and fatal 
accidents may be traced directly to low 
and rutted shoulders. Lean and skimpy 
designs generally are responsible for nu- 
merous highway many of 
which could have been prevented if gen- 
erous sections calling for wide bitumi- 
nous treated shoulders, long culverts and 
wide bridges had been used. 

Ditches—All roads should have ade- 
quate cross drainage and adequate side 
drainage. Intercepting ditches and berm 
ditches should be constructed outside the 
tops of heavy cuts. All ditches or gut- 
ters should, of course, have sufficient 


accidents, 


slope to carry the run-off water without 
Erosion of ditches is prevented 
by numerous well-known means such as 
paved gutters, ditch checks of stone, tim- 
ber or other materials and plenty of pipe 
culverts under the road. Pipe placed 
below shallow side gutters parallel to 
roadways are used with success instead 
of deep ditches. Although relatively ex- 
pensive as compared to deep, open 
ditches, they definitely reduce traffic haz- 
ards and provide adequate drainage at 
reduced maintenance costs. They may 
be the best solution to drainage resulting 
from inadequate right-of-way. 

Present practice shows a definite trend 
toward the use of wider and shallower 
ditches rounded in contour. 


erosion, 





Back Slopes — Current prac 
present trends show slopes in 
fills to be more rounded and fi 
formerly, It is usual to find sh 
5 ft. and less in height having s 
of 1 on 4 or flatter. In flat « 
rolling country sections calling fi 
wide fills and flat side slopes 
instead of relatively narrow fills ya, 
steep side slopes and guard r; ( 
the other hand, in difficult moun:,; 
country involving steep side-| 
and retaining walls, should 
ditches are sometimes omitted 
and an extra width of pavement 
paved gutter or curb is used 
Grading costs are greatly reduced 
design. 


Good Design Requires Vision 


Beyond Detail 


ROSION of back slopes in deep 

earth cuts has been prevented 

or reduced by the use of wide 
terraces planted with suitable vegeta- 
tion. 

The most important job before engin- 
eers responsible for main highways is 
to provide adequate and safe traffic facili- 
ties at whatever cost within reason. A 
study of accident records and points of 
traffic congestion will show the danger- 
ous spots in the highway and indicate 
the steps to correct them. Faults directly 
traceable to the driver or the vehicle, 
however, should not be charged against 
the design of the roadway. 


Approaching stability 


The road and vehicle pattern is taking 
final form permitting the highway engin- 
eer to fix the details of alignment and 
road cross-section with some assurance 
that they may remain adequate. The 
era of taking highway traffic out of the 
mud is passed. Highways are now in a 
similar position to that of the railroads 
half a century ago when terminii were 
connected and it remained to revamp the 
pioneer construction. The super highway 
is emerging and seems destined to absorb 
the primary system bit by bit as it ex- 
tends outward from and between great 
centers of population. But highway 
transportation is not yet an entity. The 
separate agencies engaged in roadbuild- 
ing, motor vehicle manufacture, traffic 
regulation and accident insurance work 
separately upon vital elements of the 
general problem. Society, apparently 
without realization, pays the cost of the 
lack of coordination. 

Do these ideas belong in a discussion 
of the details of alignment and roadway? 
One is obliged to think that they do. It 
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is frequently well to consider the }: 
social aspects of an important engin 
ing problem before considering th 
nical details. Let us do so! 

There is no such thing as safe mot 
vehicle transportation; certain haza: 
are inherent in the setup. A pror 
man, a good driver, fainted at th 
and crashed into a culvert heady 
truck tire came off and rolled 
passenger vehicle approaching fri 
opposite direction; a driver traveling 
a high speed came to an inadequate! 
superelevated curve and swung 
the center line of the roadway int 
path of an approaching truck; 
women traveling at 35 m.p.h. had a b! 
out and hit a concrete culvert hea 
These and many similar accidents 
trate the inevitable hazard. Not« 
without intention, culvert headwal! 
pears in two out of four of the a! 
accidents that occurred recently wit! 
a radius of 30 mi. of the place w! 
this paper was written. 

Again, the writer, traveling on a 
Iowa highway, saw the vehicle ahea 
leave the road, plunge down the slo; 
and come safely to rest right side up i 
the bottom of a broad ditch. This 
dent not only illustrates another pos 
hazard, but allows the imagination to 
envisage the ideal highway. Let those 
responsible for highway control and de- 
sign revamp the broad plan. The details 
will fall into the pattern. 

The scope of this paper includes traffic 
regulation only insofar as regulation 
impinges upon the elements of highway 
design under consideration, It seems 
obvious that highways designed for 
unregulated traffic must of necessity be 
of a more generous pattern and conse- 
quently more expensive. The present 
regulation is casual, sporadic and to a 
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. degree, ineffective. It varies from 

- .ettlation in some states to an inade- 

-« measures in others, The situation 
nfused, 

Certain details of design are based 
speed. The ultimate traffic speed 
probably not been reached. The 

need is much more likely to depend 


i >} : 
n the capabilities of the driver than 
those of the vehicle, It now appears 
t we are near enough to the ultimate 
{to set limits for design purposes. 
Other than for the fifteen per cent of 
‘ irresponsibles, elimination of poor 
‘ ‘vers is not possible. The family car 





4 its variegated coterie of drivers 
i its place upon the road; the ultimate 
» highway speed under regulated traffic 
; | be determined by the capabilities of 
- group. They may be expected to 
© handle their cars safely at speeds extend- 

nN “ from 35 to 60 miles per hour. The 
q e limits may be placed upon the 
© \chicles that they direct. 


Superhighway speeds of 80 to 100 
“per hour are frequently mentioned, 
hough the basis for setting such limits 
not made clear. It is idle to assume 
the limiting speeds upon any class 
hways will be determined by the 
nabilities of a limited number of vehi- 
-s and a lesser fraction of competent 
ivers. It is still proper to consider 
he rights of the total group as being 
ve the desires of a minority. 
» cost of high speed upon highways 
j s not been determined, neither as to 
r and tear upon the vehicle nor as to 
increased damage incident to acci 
lents. It seems clear that the present- 
lay light passenger vehicle cannot ope:- 
te economically or stand the strain of 


the speeds for which it is powered. 


an 


: Details of design 

zi The technical details of the design 
i alignment and highway cross-sec- 
: on have been competently dis- 
* cussed, one need not repeat too 


uch. There is only one place in 
uch design where the several 
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EARTHMOVING 
EQUIPMENT is de- 
signed to aid in com- 
pacting material placed 
in highway building. 


factors can be put into a formula, and 
that is in connection with the elements 
curvature and superelevation. 

Other details, such as roadway and 
shoulder widths and the slopes and 
depths of ditches must be developed 
empirically with consideration of traffic 
flow and accident experience. The cri- 
teria have been discussed above. 
details must not be too highly standard- 
ized; they must be suited to the topog- 
raphy and the alignment. 

Highway design is an art as well as 
a science. One follows a road winding 
down from the upland to the valley. One 
feels a sense of restriction. Why? The 
road is not ample. It does not offer to 
traffic the freedom of the straighter and 
more level section that has just receded. 
Perhaps the designing engineer did not 
sense the necessity for a more generous 
plan or he may have been hampered by 
fixed standards or inadequate funds. The 
roadway width may have been increased 
by perhaps 2 ft., when 4, 6 or even 8 ft. 
of additional width together with other 
expanded details may have been needed 
to open this section to the free and safe 
flow of traffic. 

One enters a straight, level section of 
highway having an excellent surface. It 
invites speed. Closer scrutiny discloses 
narrow shoulders, steep inner ditch 
slopes and a row of concrete culvert 
headwalls standing like tombstones close 
beside the way. One senses the inevit- 
able hazard and adopts a moderate s 
or one accepts the invitation and gat 
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with a situation where the stakes are 


high. 

Nor is it sufficient to replace concrete 
markers. 
Below yawns the openings between trim, 
flaring wingwalls. Traffic must be pro- 
from falling into these concrete 
its. Traffic must not be invited 
into a snare. 

The highway crosses the successive 


" 


1 1 . 
culvert headwalls with wooden 


tected 


as 
lined 


ridges between lines of transverse drain- 
The grades are steep and ch 
it is difficult to 
distance. This is a problem to be treated 
adequately in some manner. If the use 
of four traffic lanes, 
ing, constitutes the 
fact should be recognized, otherwise 
there may be introduced a 
highway that is incomplete and unsafe. 


age, ppv; 


1 


obtain sufficient sight 


two extra for pass- 
only solution, that 


section ot 


Vision of the future 

On certain first class railroads, trains 
are automatically controlled and brought 
to rest upon 
block. There is nothing akin to this in 
highway operation. It 
the ultimate in 
Railroad 


entrance into a 


merely reveals 


~ a tn . 1 
trathe control 


railroad 
transportation once — lacke 

\ Hideous accidents resulted. It 
took a century of effort to realize in 


1935 a year without an accident fatality. 
T 1 2 


safety. 


+ 


Is there not a similar goal for highway 
transportation? Shall we permit our- 





that 


selves LO Sav 


tion 1s so complicated and uncontrolled 
‘ + ¢ st 1 
at s not possible to approach the 


sate ty that exists in railroad tra: porta- 
tion. Will the year 
marking a century of 
development 
idvent of the first 


since the 
motor 
vehicle, be a year with- 
out a motor vehicle ac- 
cident fatality ? 
If this is to 
come to pass the 
ends’ of 


vehicle 


loose 
motor 
transpor- 
tation must be 
gathered up and 
integrated into a 
single ] 


Ss cial 
entity. 













What is Known of Stresses 


Old findings and new developments in interpreting results of tests and behavior of paveme:+ jn 


service 


By H. M. WeEsTERGAARD .. 


NOWLEDGE of the behavior of 
concrete pavements as structures 
is derived from experience with 

pavements in use, from tests and from 
analysis. The load tests 
directed at the beginning of the Twen- 
ties by the States of California* and 
[liinois** and by the United States 
Bureau of Public Roads*** helped the 
interpretation of the mass of observa- 
tions accumulated in practice and speed- 
ed up the approach to a rational design 
of the cross section, not least by dem- 
onstrating the importance of the corner 
break. 

Later test programs have had similar 
usefulness. Especially notable are those 
which have been carried out by the 
group of able engineers in the Division 
of Tests of the United States Bureau 
of Public Roads, and which have been 
reported from time to time mostly in 
the government journal “Public Roads.” 
Particular attention is called to the 
latest link in this sequence of reports 
of research: a series of five papers by 
L. W. Teller and Earl C. Sutherland 
under the common title “The Struc- 
tural Design of Concrete Pavements” 
(Public Roads, October, November, 
December, 1935; September, October, 
1936, the closing paper still to appear). 
It might have been possible to do with- 
out the tests, but data from relatively 
few tests can be the equivalent of large 
quantities of slowly acquired observa- 
tions in practice, and it can be asserted 
without hesitation that the sum total of 
the systematic structural tests have had 
a positive economic efficiency. 

It is certainly plausible to question 
the need for the theoretical analyses. One 
could do without them. Decisions as 
to cross section, reinforcement, joints, 
proportioning of the concrete, and 
treatment of the subgrade do not re- 
quire computations of stresses and 
deformations. Yet, the theoretical 
analyses have been of some use. As 
the data from tests have improved the 


theoretical 


* Lloyd Aldrich and J. B. Leonard, “Report of 
Highway Research at Pittsburg, California, 1921- 
1922," California State Printing Office, 1923, 
The Bureau of Public Roads cooperated. 


** Clifford Older, “Highway Research in Illinois,” 
imerican Society of Civil Engineers, Transactions, 
Vol, 87, 1924, p. 1180, The Bureau of Public 
Roads cooperated. 


***For erample, C 1. Hogentogler, ‘“‘Testa of 
Impact on Pavements by the Bureau of Public 
Roads,”” Public Roads, October, November, 1921. 
Or, at a later stage, L: W. Teller, “The Sir- 
Wheel Truck and the Pavement,’ Public Roads, 
October 19°5 


corner breaks in pavements and the reaction offered by the subgrade discussed. 


Gordon McKay Professor of Civil Engineering, Harvard Uni 


ant 
so have the theoretical 
studies helped in interpreting results of 
tests. And as the tests have assisted in 
shaping policies of design, so have the 
analyses helped in the intelligent plan- 


efficiency of interpreting observations 
in practice, 





1—DIAGRAM of analysis of a 


corner break in a concrete pavement. 


FIG. 


ning of new tests. The current series 
of papers by Teller and Sutherland in 
Public Roads, to which reference was 
made, illustrates the latter relation of 
tests and theory. Moreover, formulas 
derived from theory have been used 
occasionally in arriving at decisions 
permitting or refusing the transporta- 
tion of unusual loads over particular 
pavements; and the same formulas may 
be used for the purpose of apportioning 
the cost of pavements to the different 
kinds of traffic, with a view toward 
taxation of vehicles according to 
weight. It seems reasonable to assert 
that also the theoretical analyses have 
had a positive economic efficiency. 
The following discussion will be 
limited to certain phases of the devel- 
opment of the theoretical analyses. 


The corner break 


In 1922 it became known to the 
writer that both A. T. Goldbeck, then 
Chief of the Division of Tests in the 
Bureau of Public Roads, and Clifford 


Older, who at that time was 
Engineer of the Illinois Highw 
partment, had arrived, evidently 
pendently, at the following 
analysis of the corner break: 
corner is formed by the edge 
transverse joint. The two ad 
slabs are assumed unconnected 
joint. The thickness of the slab 
sumed uniform, equal to h, as in 
The wheel load P is assumed to | 
centrated at the point of the 
(making a, = 0 in Fig. 1.). At 
distances from the corner the infl 
of the reactions from the subgra 
be small compared with that due to 
load. The portion near the c 
therefore, may be considered to 
a cantilever with uniform strengt] 
the distance #, measured diagonal 
angles of 45 deg. with the edg 
joint, the bending moment is — 
the width of section 2x, and the 


modulus 4 xh’. Then the average t 


stress at the top of this section be 
3P 
s=T2 (1) 
This simple computation offered 


explanation of the frequent c 
breaks that had been observed in pave- 
ments without stiffened edges. Th 
analysis leading to equation (1) is 
most important single step in the the 
of stresses in pavements. 

The load is actually distributed over 
some area of contact between the 
and the pavement. It was desired there- 
fore also to examine the case in whic! 
the resultant wheel pressure is at a 
small distance a, from the corner, as in 
Fig. 1. In this case it could be antici 
pated that the reactions of the sub- 
grade would have some influence and 
that the greatest stress would occur at 
some distance from the load. 

At the initiative of A. T. Goldbeck 
the writer was engaged by the Bureau 
of Public Roads to make theoretical 
studies of the structural action of pave- 


types of loading: load near a corner; 
load at the edge at some distance from 
the corner ; load at a point of the interior 
of the area of a slab; and combinations 
of such loads. The results of this study 
were published in a paper entitled, 
“Stresses in Concrete Pavements Com- 
puted by Theoretical Analysis,” Pub! 
Roads, April, 1926 (also in the Pro- 
ceedings of the Highway Research 
Board, 1926, Part I, p. 90). 
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estion of the reactions offered 
thgrade is complex and could 
ree from uncertainties. Gen- 
greater the deflection, the 
» reaction. It was assumed in 
sis that when the conditions 
subgrade are not abnormal, a 
z is accompanied by a reac- 
per unit of area, k being a con 
‘ ra given slab and given type 
| ng. The coefficient k was called 
lulus of subgrade reaction, and 
urable in pounds per square 
inch deflection, that is, in 
per cubic inch. This assumption 
‘onstant modulus of subgracdk 
when the subgrade is not ab- 
1 was recognized as a compromise 
n reality and simplicity. A justi- 
was found in the fact that the 
es derived were not very sensitive 
. changes of the modulus k; for exam- 
e. a change from 50 lb.in to 200 
* produced relatively minor varia- 
of the computed stresses. Further- 
e, the test data available at the time 
rted the assumption that k could 
ken as a constant as long as one 
with a given pavement on a sub- 
in a given condition. 
was found expedient to introduce 
ther quantity, which measures the 
tiffness of the slab relative to the stiff- 
subgrade. This constan 
called the radius of relative stiff- 
It is denoted by Ll and is defined 





ness of the 


KR 
4 — /) 
l 12 uk (2) 
FE = modulus of elasticity of the 
concret 
Poisson’s ratio of lateral 


contraction to longitudinal ex 
pansion of the concrete, and 
thickness of the slab (assumed 
constant). 


ln practical cases 1 will be of the order 
ot magnitude of 30 to 40 in. 

Che following approximate formulas 
obtained for the case of a load 
near the corner, in the position shown 
in Fig. 1, when the 
support over the whole area: 


Fr ( ed ay ) 
2 EE 1.1 a 0.88 « 


Distance +# to section of 
tress, roughly: 


were 


subgrade offers 


maximum 


z; 2% 1 (4 


Maximum tensile stress 


lit : lirerti . + +eyr ‘ 
direction (direction of «) at the top of 


the slab: 


BRICK PAVEMENTS can be freed of 
excess bituminous filler material by ad- 
vance coating with whitewash or similar 
materials that will facilitate peeling the 
excess filler off the surface. 
































The paper referred to contain 
4 ‘ . , a6 
tables giving values of l and s¢ for dif- 


ferent values of k and h. 
Derivation of formula 


While the formulas and diagrams 
1 loads at the edge and in the interior 


; 


of the area were obtained by formal 
solution of the fourth-order partial 
differential equation governing the 


flexure of the slab (with approximation 
introduced in the final statement of the 
formulas for the corn 

break, equations (3) to (5), were de- 
rived by a simple approximate process 
\n account of the various steps in tl 

process has not published pr 

viously, To prove that the process i 
ie first step of 
1 


and t 


stresses), the 


been 
simple and accessible, tl 
the analysis will be 
indicated. 

The principle invoked is one of the 
principles of minimum of the pot 
tial energy; that of minimum by varia 
tion of the shape. If the 


' 
shown, 


remaining steps 


potenti al 











I , the 1 
ile rt d I ition can be pi ked « 
is that making the pot il en 
; ‘ 
linimum. The examination can b 
limited to plausible states of def 
tion. first step is to make a gue 
1£ a simple function which contains an 
£2. sinubledteus 1 | 
ijustabie coemcient, and which 
ve expected to give a plausible p 
r 4 a | ; . 4 ‘ + 
of the distribution of the defi ns if 





i pp beri ots 





STABLE SHOULDERS not only support the pavement but also invite the parking 
of cars off the travelled way. 


the coefficient i idjustes properly 

| function 

z/l 6 
2 u ¢ 

w hosen for this pur . ws heme 

as cCno n or this purpose, u being 
. ’ , ; 
the adjustabl coefficient, and x being 


measured as in Fig. 1. Equation (6) 
omits consideration of bending in the 
direction of y, but that influence can be 
considered in a later step. Equation (6) 
is plausible only for the first step. 
The energy stored in the slab by bend- 


‘ording to equation (6) is com- 


as f ( aaa 
; = we % 12 (1 — p*) dz’? 
(- “sae 7) 


The term p? need not disturb anyone, 








Substitution from 
equations (2) and (6) gives 


: fh. Bef kPa 
U=kv ze dz = 8 


since it is small 


The energy delivered to the subgrade 


becomes 


1 oo 
U, = f kz*2xr dr) z 9 
2 Je 
\ gives 
U: U; (10) 
The load P is to be considered con- 
stant as the deflection progresses. Its 


potential energy can be taken as zero 
when the deflection is zero. When the 
deflection at the point of application of 
P is z, the potential energy of the load 
becomes—Pz. Thus the total potential 
energy becomes 


r — 
By = ee Put 11) 


Ey bes n um when 
> =a, /l , 
Fi 12) 
kl , 
minimum thus obtained is only a 
la minimum, because of the re 





ricted form of equation (6), but ac- 
ually this relative minimum is not very 
far from the true minimum, and accord- 
y a formula obtained from equa- 
tions (6) and (12) will be a fair first 
ipproximation. One finds 

z P s-.™ t 13) 


with a permissible approximation, 
P 


e-z /l ; 
Laan 14 
ke . ) 


The deflections defined by equation (14) 
do not differ greatly from those given 
by equation (3). 

As a second step, equation (6) may 
be modified by introducing one more 
adjustable coefficient, v, as follows: 


z ec l 15) 
By varying both u and v one may expect 
to find a smaller relative minimum of 
the potential energy. When a, is small, 
one finds a value of v close to unity. 
This second step therefore leads to no 
material improvement over equation 
(14), but is nevertheless significant. 
It confirms the assumption that the 
choice of form of equation (6) was 
judicious. 
The second step suggests the third, 
which is to write the deflection in the 
form 


—z/2l —z 


—2zr 1 16) 
TT Use 


z= we “tT Uge 


There are now three adjustable coeffi- 
cients, 1%, Mz, and us. By integrations as 





in equations (7) to (9) the 
energy stored in the slab and 
grade is found to be 


; ‘ S17 10 16 
l te y¥ U 2 kP 16 ut 9 Uju24 a5 
De 17 

7 2 us -T 9 Uegt > 16 


The condition of minimum of 1! 
potential energy, including that 
load, gives three linear equati 
U;, Me, and u;. Solution of th 
equations in the two cases a { 
= 1/10, led to the following 
applicable in these two cases 
proximately applicable for other 
of a;: 
P 
om ki 


-2. ay 
—0.375° ~ Sine ] ( -0.133 e-7 - 


a2 /? , 
0.375 67/2! 4 1 994, 


-z/l ar. cal 
+ 0.2556” + 0.760 e o ) 


When a, and 2 are within the pl 
ranges, the results in equation (1& 
epresented with satisfactory 
equation (3). 

It is not sufficient merely to 
at equation (3). A fourth step 
quired to confirm it. It is nece 
investigate whether considerat 
the bending in the direction of 
twisting in the directions of 
will bring about appreciable n 
tions. For this reason a minimu 
potential energy was establish 


lution of the t 


type 


Un ~Uglig X 
2=- u cos | ¢ 
by adjusting the three coefficie 
tt», and u;. With Poisson’s ratio 
the following solution was fou 
give minimum of energy when a 


and a, = 1/10, and it will apply ap; 
imately for other values of a 
PY 0.541 y -0.983 z 
z= jp, 1.094 cos e 
kP | l 
y 22/1] 


a 
— 0.922 T ©ST.11 t 


The values defined by equation (20 


close to those given by equation 
If one can depend on a constant m 
lus of subgrade reaction k, equation 
will define the deflections near the c 
ner with satisfactory accuracy. 


Stresses near corner 


If an exact formula for the defi 


tions were available, the bending 


ments could be determined by dou 


differentiations, but if, as in the p: 


‘ 


ent case, the available formula defi 
the deflections with possible errors 01 


few per cent, such errors will be n 
nified by double differentiations. 

tegration on the other hand would t 
toward increasing the accuracy. It 
fortunate that in the present case 
bending moments can be obtained 


integration. For with a definite modu! 
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tbgrade reaction k, when the de- 
ns are known, the reactions are 
n, and the bending moments and 
responding stresses can be com- 
1 by integration. After tabulating 
" rical values of the maximum 
ses, it was found that these stresses 


| be represented with satisfactory 
tracy by equation (5). These com- 
ons also led to equation (4), 
h defines the distance to the point 
aximum stress roughly. 

Daity changes of temperature cause 
labs to rise at the middle on warm 
rnoons and at the edges and corners 
cool nights.* It is conceivable 
therefore that during cool nights or 
rnings the part near the corner may 
contact with the subgrade. The 
e effect may be produced by escape 
the subgrade under repeated work- 
of the relatively great deflections 

it are possible at corners. 


or 
s 


For these reasons it appears desirable 
to investigate the particular case sug- 
gested in Fig. 1: the contact is as- 
sumed missing within the triangular 

1 where x < 0D, An estimate is 
eeded of the influence of the missing 

iction. Equations (3) to (5) lend 
themselves to this purpose. For small 

lues of # equation (3) may be writ- 
in the simplified form 


> 


F bE (1.1 


a 


0.9(a, + 2)/1) (21) 


scheme is to compute by equation 
(21) as if the subgrade gave full sup- 
rt, but to compensate by introducing 
ie missing reaction as an additional 
wnward force. This force O can be 
nsidered, without serious error, as a 
force acting at the center of gravity of 
he unsupported area, at the point 
2b,/3. Equation (21) gives the 
llowing deflections at this point: 


+} 


From the wheel load P alone: 
P 
a= pp (11—-0.9e/1-0.64/) (22) 


From the missing reaction O alone: 


0 


~~ kP 


1.1 — 1.2h,/) (23) 


Since the size of the unsupported area 
b.*, the value of the missing reaction 
may be computed approximately as 
Q=k(a + 22) b? (24) 
Eliminating s, and s, from equations 
(22) to (24), one finds 


P(1.1 — 0.9 a,/l — 0.6 b,/)) “ 
“(Tb —Liti2n 
Aiter computing the value of Q the 
maximum stress due to Q may be ob- 
tained from equation (5) by replacing 
P by Q and a, by 26,/3.. The maximum 
tresses from P and Q do, not ordinarily 
occur at the same point, but when |, 
is small enough to permit the applica- 
tion of this analysis, the sum of the 
two maximum stresses will be a suit- 


thle estimate of the resultant maximum 
Stress, 


A numerical example will suggest the 
order of m: | ] 


involved. Let A = 7 in. k 100 
Ib.inw, FE = 3,000,000 lb.ino, nu = 
0) 15 P 10.000 lb., a= 4 in., h 
18 in. Then a = 4V2 in. D 
9\/2 in. Equation (2) gives 1 = 
30.6 in, (this value may also be taken 


from Table 1 in the paper in “Public 
Roads”, April, 1926). By substituting 
these values in equation (25) one finds 
Q = 1320 Ib. One may stop the com 
putations here. For the significant indi- 
cation has been- obtained that the 
deflections and stresses will be increased 
not more than about thirteen per cent. 
But if desired, one may compute the 
maximum stresses by equation (5) (or 
by use of Table 2 in the paper in 
“Public Roads”, April, 1926). One finds: 
From P; sp = 390 Iban: from OC, 
So == O32. S29 Ibis * =-43 bb:in> 
resultant stress s¢ = 433 Ib.in.—*; that is, 
an increase of cleven per cent. 

The fifth article in the current series 
of papers by L. W. Teller and Earl C. 
Sutherland in “Public Roads” is yet to 
appear, and may be expected to report 
experimental data relating to the corner 
break. The computations that have just 
been shown may possibly serve a pur- 
pose in helping to interpret these new 
data, which may be expected to be 
significant because of the skill and 
care with which these tests are known 
to have been conducted. 

The following approximate formulas 
are quoted from the paper in “Public 
Roads,” April, 1926. The formulas were 
derived for the case of uniform thick 
ness h; they confirm the observation 
that a thickened edge is needed. Pois- 
son’s ratio was taken as 0.15. 

Load P at the edge, at a considerable 
distance from any corner, distributed 
uniformly over the area of a small 
semi-circle with radius a and with the 


0 
nter Oo he ¢ lee tensile tress at 
1¢@ b 

Me 41 1 .6a 

8 0.572 1, .(h®) — 4log ba® -+- A 
"he | 710 i+ 
oe Ok cle 
— 0.675 h) — logygk t 0.104} 26 
Load P at a point of the interior ot 
the ar t a considerable distance f1 
tne area, at a considacrapie distance I! 
any edge, distributed uniformly over 


the area of a small circle with radiu 
a; tensile stress at the bottom: 


y 1.6a? +-/ 


P 
3162 og 1) — 4 log ( 
4 0.3162 h |! 10 h*) 4 | 910 


— 0.675/ 


—logyyk 4 6.a7s| (27 


The same paper contains diagrams of 
deflections and bending moments, by 
means of which one may compute th 


rather small increases of stress caused 
by neighboring loads, for example in 
the case of two trucks passing each 


other. 


Coefficient of subgrade stiffness 


In a paper in “Public Roads,” Decem- 
ber, 1933, the writer suggested the 
using a “coefficient of 
stiffness,’ K, defined as 

K = fil (28) 
instead of the modulus k, as a meas- 
ure of the resistance of the subgrade, 
the thought being that A might be 
found more nearly uniform thank. 
The values k = 100 Ib.in.—, 2 = 30 in. 
would give K = 3000 Jb.inw—*. It? is 
noted that K is measurable in pounds 


possibility ot 
subgrade 


per square inch. Equations (26) and 
(27) assume slightly simpler forms 
when restated in terms of K. Also 
the use of K lends itself to revisions 
in the statement of the distribution of 
the reactions 

Whether this 


to be 


from the 
suggestion is profitable 
seen. Scrutiny in the 
light of the results of tests would be 
required. 


1 
subgrade. 


remains 


WIDER USE OF MACHINES in maintenance has resulted in greater uniformity of 
surface and longer life for the pavement. 
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Grade-Crossin gW ork Goes On 


ITHOUT telling anything essentially new, the 
announcement of federal-aid allocations by the 
3ureau of Public Roads brings a reminder that 
the grade-crossing elimination program started last year 
will continue. Much has been accomplished through the 
first year’s appropriation, though progress by now would 
be much larger had the administration three years ago 
recognized the great employment-relief possibilities of a 
comprehensive grade-crossing campaign. Under the 
terms of the Hayden-Cartwright act the improvement of 
railroad grade crossings will continue at least for two 
more years, and there is reasonable hope that by that 
time the merits of the undertaking will be so con- 
vincingly evident that its continuation will be assured. 
Every crossing of a busy railroad main line over a 
highway trunkline should be separated before the work 
is allowed to stop. 


A New Year’s Wish 


Ir We Coutp Have a Wisu for the new year it would 
be this: that safety might be made the guiding star of 
all construction. We would like to see the whole indus- 
try turn safety-minded. We would like to see accidents 
reduced to negligible proportions, and this not by luck 
but by forethought and trained caution. There are many 
safety-minded men in construction, but not enough; the 
list should include every contractor, every superintendent 
and foreman, every single worker on the job—and every 
engineer who specifies operating conditions or super- 
vises them in the field. At Grand Coulee the contractors 
painted on the rock face of the abutment the legend 
“Safety First”, in giant letters that can be seen from 
every part of the site; this action expresses the ideal 
that ought to animate every job and every worker, until 
construction makes its record as good as that of other 
industries no less hazardous. We still have to learn 
that safety does not mean slower progress, and that it 
does not cost money. But it does cost thought and 
care, and a will to make it the first rule of operation. 


Guidance for the Young 


A New Form or Gumance for prospective entrants 
to engineering study is being tried by the lowa Engineer- 
ing Society. The method adopted is to call for prize 
essays on engineering by high-school students through- 
out the state, with a view to bringing the facts of the 
engineering career to the attention of parents, teachers 
and the students themselves. The inception of the plan 
is due to a general feeling within the society that the 





profession is not as weli understood by laymen a: 
the medical and legal professions, and that the 
lies in failure to develop proper public relations. ( 
will agree with the Iowa engineers that the public 
and should have a better understanding of the engi: 
part in the community. The Iowa plan is well 
trying, provided it is consistently handled as a n 
of guidance rather than a means of propaganda 
course it can easily degenerate into something 1i! 
toothbrush manufacturer’s slogan contest. There ; 
vious danger that the plan may work out as a w! 
it-up campaign; but if carried through in the 
spirit and with the right cooperation from engineec: 
practice, it should avoid this danger and produce 
structive results. 
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Why Do They Do It? 


ONE OF THE THINGs that complicates local govern: 
needlessly is illustrated by a Chicago incident. For : 
than a dozen years a streetcar company has persist 
maintaining tracks on temporary permit across and a 
a park boulevard, against strenuous objection on 
part of the authorities and civic administrators, th 
the cars that ran on these tracks never carried m 
traffic. Now at last the state commerce commission 
ordered the tracks removed, for lack of “conveni: 
and necessity”. The long effort to get the tracks off : 
boulevard has cost the public large sums of mone: 
legal and engineering charges; thousands of pages 
testimony and scores of engineering exhibits went i 
the hearing record. All this because the company in 
ed on defending a questionable right and maintaining a 
service of doubtful value against the desire of the pul 


It is fortunate that the crossing is at last to be removed, 


for lying at the foot of the north approach of the : 
Outer Drive bridge it would create a serious traffi 
obstruction and hazard. Perhaps no one thing that 


streetcar officials ever did has been more resented or has 
lost them so much public sympathy as their dog-in-the- 


manger attitude on these particular tracks. Why th 
did not long ago appreciate that it is bad business 


arouse public antagonism and bad feeling in this way 
is one of the mysteries of modern business life—the 
more so as the company, whose lines are operated only 


on day-to-day franchise extensions, needs every ounc: 


of good will that a sound public-relations policy can 


build up. 


Continued Subsidy Demanded 


A New ArGuUMENT is injected into the current discu: 
sion of whether the WPA work-relief system should bh: 
continued, by the demand of city mayors that the fed 


eral government continue to care for the able-bodic:! 
It is distinctly a new argument. Eve: 
since the winter of 1933, when the federal governmen! 


unemployed. 


volunteered to take over part of the job of carryin: 
the unemployed through, there have been occasional sug 


gestions that caring for unemployment is a federal an: 
not a local responsibility; but we believe that this doc- 
trine was never definitely asserted by any important 


group until the report of the Conference of Mayors 


few days ago. The mayors say that they are willing 
to care for persons incapacitated for work, but that 
the federal government has the duty of providing fo: 
the able-bodied. A significant point of their statement 
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admission that they are talking not of an emer- 
hut of a normal and continuing condition. Again, 
void saying that the cities are financially unable to 
care of ‘unemployment. In short, the mayors’ de- 
amounts to a call for a permanent federal subsidy 
ies. Such financing would be the longest step yet 
toward federalization of local affairs, which inevi- 
* sahly suggests the question how soon Washington may 
to participate also in city administration. 


New Blood 


| xt Contact with a number of municipalities re- 
is that a salutary change has taken place within the 
few years, one that augurs well for better public 
-ervice. Personnel changes resulting from the depres- 
sion have brought into public administration a number 
exceptionally qualified men new to public service 
t able to bring to it broad view and capacity. Examples: 
banker who became city director of finance, a consulting 
engineer serving as city engineer, an experienced con- 
tractor directing public works. In each case the commu- 
nity has profited by this accession of specially trained 
men to its administrative work. Their skill as well as 
their ability to organize departmental activities for great- 
er efficiency and economy promises lasting benefit. More 
financial control, better record-keeping and 
accounting and revamped maintenance and improvement 
rocedures are among the results of their work. It is 
tt likely that the taxpayers will quietly tolerate a return 
to less efficient local government methods, 


Paat 
caretul 





Progress and More Progress 


URPRISING FIGURES emerge from the sum- 

ming up of construction reports for the year just 

closed. The nation’s total, estimated last January 
as likely to reach 44 billion dollars, actually amounts to 
nearly 6 billions—5.6, to be exact. This compares with 
something less than 4 billions for 1935, and thus repre- 
sents an increase of more than half. The unexpected 
growth suggests rather clearly that we are at the start 
of a new era of big construction. 

All the background factors reveal solid strength, the 
labor factor for the moment excepted. As tersely sum- 
marized in a year-end statement of Commerce Secretary 
Roper last week: 

Business activity was at the highest point since 1930; it is 
till tending upward. The production of industrial commodities 
was substantially higher than in 1935; the income of the farm 
population further improved; employment and payrolls sustained 
their upward movement; enhanced consumer purchasing power 
was reflected in an expansion in retail sales; conditions in the 
railroad industry improved materially; our foreign trade 
expanded further. The construction industry, where the effects 
ot the depression have been extremely severe, experienced a 
sustained advance. 

[he sober terms of the official statement hardly do 
the year’s performance justice; but the facts emphasize 
sufficiently the unanimity with which all parts of the 
usiness economy join in the advance. This very una- 
nimity provides a solid base for forecasting, since 
‘onstruction, itself a powerful stimulant to industry, 
huisiness and employment, cannot fail to thrive when con- 
‘idence and money are at hand and when industry is pro- 
ducing actively and trade is busy. For 1937 we may well 

k forward to a minimum of 7 billions of construction. 
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Expressing the record in terms of effect on the nation 
as a whole: Last vear’s construction increase was 
responsible for the reemployment of more than 14 mil- 
lion men, and 1937 should put another million to work. 
In addition the coming vear will enlarge the market for 
materials and supplies by more than half a billion dollars, 
and here as well as in the secondary services at least 
another million persons will find new employment. 

That, briefly put, is the fair promise of present condi 
tions. As said above, labor unrest is the only cloud on 
the horizon. Its scope and ultimate effect cannot yet be 
judged, but the average man’s practical common sense 
is apt to turn the scale and leave the growth of pros 
perity to proceed undisturbed. 





Safer and Better Roads 
ULL CONSIDERATION of the able appraisal 


of highway engineering problems that forms the 

contents of this issue reveals a condition both 
favorable and unfavorable. The high standards of the 
art with respect to both structure and operating service 
of the road are evidence of excellent progress. The 
dark side of the picture, however, is that these standards, 
especially those for plan and detail location, are often 
violated. The spread between what we should build and 
what we do build is unjustifiably large. 

Practices are tolerated that are far below what is 
recognized as best; frequent departure from standard 
is considered permissible merely because it happens to 
he convenient by reason of topography or old location. 
The limits of toleration are so wide, in fact, that the 
carefully developed standards of the art largely are dead 
letters. And this failure produces roads that, after a 
safe and capacious mile or two, lead traffic into unsus- 
pected bottlenecks and death traps. Such conditions 
play a part in the bad safety record and low service 
efficiency of our present-day highway network. 

If we would build better roads, the first step obviously 
is to end the practice of violating the standards of effi- 
cient operating service. These standards, however im- 
perfect and however subject to later improvement, are 
for the present the best available statement of necessary 
practice—not of superpractice but of practice regularly 
required to suit traffic conditions. The standards are 
rules to be followed strictly, without exception save in 
compelling emergency. If we will write “must” in 
place of “should” in the rules for roadway width, for 
sight distance, for superelevation, for curvature, shoul- 
der width and surface, we can quickly build up a more 
efficient and a safer transportation system. 

Elementary though it be, let us keep in mind that 
roads exist solely to carry traffic, and that everything 
we do about roads is subject to the test of how well it 
adapts them to safe and efficient traffic service. Traffic 
requires roadway room, curves and grades over which 
it can move rapidly, conveniently and safely. Alignment, 
profile and cross-section are not academic ideals, but 
have intensely practical meaning as factors that con- 
tribute to transportation efficiency and to easy and per- 
fect maintenance. 

The best road standards of today are well devised for 
this service. But standards alone are not sufficient ; they 
must be applied before they are of use. And when we 
do apply them, consistently and determinedly, we will 
have safer and better roads than can be found today. 
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War Department's 


1938 Projects 


Engineers recommend $140,000,000 for 
rivers and harbors and $113,000,000 
for flood control work 







The annual report of the Corps of Engi- 
neers lists new construction projects cost- 
ing $140,150,000 on which money can be 
profitably ex 1 during the fiscal year 
’ 1937. It further recom- 
1 







en 






1? 


T { 
beginning July 1 
t projects costing $112,- 





mends tlood-con 






646,000. 

An expenditure of $39,717,000 is recom- 
mended for maintenance of rivers and har- 
bors and an expenditure of $1,800 for 
mtrol work 












maintenance of flood « 








Flood control 





The following  flood-control projects 


were recommended in the report 
Mississippi River and tributa 
ries ce.ee ce ° 
Emergency Work on Mississippi 
Tributaries ; 
Sacramento River, Calif.. 
Projects authorized in the Om 







$55,009,000 






Soo 000 
814,000 






BONNEVILLE AT NIGHT 






bus flood control act. 53,532, 000 HIS night photo at Bonneville dam the power house 80 per cents; and th 
Seal a ain abies shows the nearly completed south half ways 54 per cent. With the entire | 
rOTAL Site, ys of the main spillway. The spillway about 70 per cent completed, it is est 





as a whole is now about 60 per cent com that the dam will be finished by the end 
plete; the locks are SS per cent finished ; this year. Work started in October 













Rivers and harbors 


The following 


projects for new work on 
} 





ors: 








Cape Cod Canal Mass $4,000,000 
New York Harbor . 1,200, 000 
Great Lakes to Hudson River 

waterway 10,000,000 
New York and New Jersey Chat 

nel ; oe 5. 000,000 
Chespeake and Delaware Cana 8,650,000 


Caloosahatchee River and Lak« 
Okeechobee drainage are 


Fla e* 1,000,000 
Black Warrior, and Tom Big'x 

Rivers, Ala ; 1.684.000 
Sabine-Natchez waterway, Texas 1,090,000 


Louisiana - Texas Intracoastal 
waterway (Sabine River-Cor- 


pus Christi Section) 1,900,000 
Houston Ship Channel, Texas 1,500,000 
Mississippi River between ft! 

Ohio and the Missouri River 1,000,009 


Mississippi River between the 
Missouri River and Minnea 


polis cle ie 25,041,000 
Illinois Waterway 7.934, 000 
Missouri River, Kansas City to 

Sioux City ae ae ; 18,600,000 
Missouri River at Fort Peck... 8,706,000 
Ohio River s : 1,050,000 
Kanawha River, West Virginia 2 480,000 


1,600,000 





Keweenah Waterway, Michi 
Los Angeles and Long Beach 


Harbor, California 1.375.000 
Sacramento River debris control 4.645.000 
Bonneville Dam . - § 6,974,000 
Grays Harbor and Chehalis 

River, Washington 1.620.000 

TOTAL e* i $149, 050,000 
—_ = 


Queens Extension Opened 
On New York Subway 


A 34-mile addition to the Queens branch 
of the municipally owned New York City 
Independent Subway System which ex- 
tends the line from Roosevelt Ave. in 
Jackson Heights, Queens, to a new termi- 
nus in Kew Gardens, Queens, was opened 
to traffic on Dec. 31. 


TVA Appeals Injunction Order 


The Tennessee Valley Authority on Dec. 
30 formally appealed from the injunction 
issued against its further expansion by the 
U. S. district court for middle Tennessee 
(ENR, Dec. 17, 1936, p. 874). The appeal 
will be taken to the U. S. circuit court of 
appeals at Cincinnati. 

A review will be requested not only of 
the injunction order but also of the lower 
court’s ruling that it had jurisdiction in the 


case. 


Colorado to Check Pollution 
Of Streams Within the State 


State sanitary engineer B, V. Howe of 
the Colorado state board of health has 
notified municipalities and industries in the 
tate that the hitherto unenforced 1931 law 
prohibiting pollution of streams will soon 
be rigidly enforced. Notice that they 
must build sewage disposal plants has been 

‘rved on cities throughout the state which 
are not already so equipped, and the board 
of health has assured city councils that if 
they do not comply within a reasonable 
time they will be prosecuted. 

Likewise the beet sugar companies of 
Colorado have .been informed that they 
will be required to treat their industrial 
wastes as soon as communities conform 
to state requirements by properly treating 
their domestic sewage. Mining mills and 
smelters will also be forced to discontinue 
emptying refuse into the stream. 

State institutions have been inform: 












that they will be required to treat 
sewage, and detailed estimates of t! 
of plants to treat sewage from th 
penitentiary at Canon City and _ thx 
home for mental defectives at Rid: 
been supplied. Funds for sewagi 

ment have been included in the bude 
these institutions and of the state h 
for the insane at Pueblo. 

Pollution is especially bad in the Ar! 
as River, according to sanitary engineer 
Howe, who states: “The pollution 
from Pueblo to the Arkansas Rive: 
greater than all others combined that 
tribute to this river. There are 3 
acres of land irrigated by the Ark 
River below Pueblo which also pr 
the municipal water supply to Rock 
Forge through the Catlin Canal. Sixt 
thousand acres of vegetables and fruit 
irrigated with this sewage-laden w 
from the Arkansas River. The state 
provide that no domestic sewage nor w 
containing domestic sewage in amount 
condition such that bacteria of the | 
aerogenes group are present in quant 
of ten or more per c.c. shall be uss 
irrigate or be permitted to overflow 
fruits or vegetables for human cons! 
tion, the edible portions of which grow 
the ground or above it within one fo 
the surface, except with the written 
mission of the state board of health.” 

Mr. Howe stated fhat the average an! 
death rate of children under two years fron 
diarrhea and euteritis of all the Arka 
River counties is 38.1 per 1,000 births, while 
the river counties above Pueblo has a corre- 
sponding death rate of only 18.4 per 1,(100 
births. 
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SAI AUAS Sy ent ae Nr A 


1C.C. Issues Safety Rules for 
Motor Vehicles on Highways 


ting under the authority granted it to 
late interstate commerce by motor 
riers, the Interstate Commerce Commis- 
has issued the first federal rules and 
‘lations in the field of highway safety 
rning the equipment and personnel 
ized in such commerce as common 
riers or contract carriers and laying 
n general operating rules for the 
tection of the public. 

In issuing the new regulations the come 
jon emphasizes that its work is by 
means complete. Because of the wide 
‘ation in state regulations and the 

lack of agreement on the value of many 
requirements, the commission has  con- 
ned its initial rules to basic generalities. 
Its guiding motives so far are to make 
clear the broad scope of the program of 
safety regulations that it intends to fol- 
low; to select for immediate attention 
certain important items expected to im- 
prove definitely the safety of operation of 
a large portion of the carriers without 
hampering further voluntary advancement 
on the part of state officials and operators ; 
and to set forth these initial regulations 
in general terms which may be _ supple- 
mented and strengthened by later elabora- 
tion. 

The regulations now promulgated lay 
down rules for the qualifications of 
drivers, rules governing driving, rules for 
he equipment of vehicles, and rules on 
the reporting of accidents. The first three 
of these classifications become effective 
July 1, 1937, and accident reporting must 
be started April 1, 1937. 


—_~— 


Contractor Asks Refund On 
Gasoline Tax Payment 


The Mason-Walsh-Atkinson-Kier (Co., 
Crand Coulee dam contractors, have started 

tion in the Washington state court at 
Oiympia to recover $14,000 in state gasoline 

xes paid on gas used in oversized trucks 

t operating on state or county highways. 

The company contends it is entitled to a 
refund because the trucks using the gasoline 
are too heavy to be allowed on state or 
county highways. It holds further that the 
state annually pays out more than a million 
dollars in gas tax refunds to farmers, mari- 
ners, and others using gasoline in vehicles 
or boats not operating on highways, 


ae 


Power Body Denies License 
To Missouri Project 


The Federal Power Commission has 
denied an application of the Current River 
Power Co. Kansas City, Mo. for a 
license for a hydro-electric project to be 
located on the Current River in the 
counties of Carter, Ripley, and Shannon 
Missouri. The application was denied 
ause the applicant failed to show 
bility to finance the proposal and failed 
to show a market for the power to be 
leveloped by the project. 

The project was to consist of three 
developments. The Hargus Eddy develop- 
ment consisted of a dam at Hargus Eddy, 

3 miles above the mouth of Current 
River, an 8,760-acra reservoir with a 

rage capacity of about 147,000 acre-ft. 
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UNITEO STATES BUILDING 
PARIS EXPOSITION 1937 
ORAWING NUMBER 1-4 
OATE:~ DEC. 22.4936 


FIRST RADIO TRANSMISSION 
OF BUILDING PLANS 


HIS FOUNDATION layout is be- 
licved to be the first building plan 
ever to be transmitted by radio. It 


shows the column layout of the American 
Fair. 
New 
York, from the facsimile transmission of- 
London 
The 


Paris World's 
from 


building at the 1937 
The plan was. transmitted 


fice of RCA Communications, to 
and thence to Paris by airplane. 
transmission took less than an hour. 


The American Exposition Building is a 
Structure con- 
taining a large exposition hall and a five- 
story tower. It will be prefabricated in 


glass, and concrete 


steel, 


this country and the parts shipped to 
embly The building will 
stand over the tracks of the Pari ib 

foundations and colum: 


way, and the 
on which it will stand are being built 
expense of the French 


by and at the 
government. The building will cost about 
$200,000, 

It is stated that the necessity § for 
speed in sending the plans arose fr 
the fact that it was desired to start worl 
on the foundations before the annual 
overflow of the Seine, on the bank of 
which the building will stand. 


Paris for as 
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and a 60,000-hp. power plant. The Mill 
Creek development consisted of a dam 
just below the mouth of Mill Creek, 97.5 
miles above the mouth of the Current 
River, an &7,000-acre-ft. reservoir, and a 
30,000-hp. power plant. The Blair Creek 
development included a dam below the 
mouth of Blair Creek, 121 miles above 
the mouth of Current River, a 125,000- 
acre-ft. reservoir, and a 17,000-hp. plant. 

The power commission has deferred ac- 
tion, at the request of the applicant, on an 
application for an extension of time for 
completion of the Santee-Cooper project 
on the Santee and Cooper Rivers in South 
Carolina until Feb. 28, 1937. The license, 
which is now held by the Columbia Rail- 
way & Navigation Co., calls for comple- 
tion of the initial installation of the proj- 
ect on Dec. 31, 1936. The licensee had 
applied to the commission for an extension 
of time to such date not earlier than Dec. 
31, 1939 as the commission might find 
reasonable, and has now requested that 
action be deferred until Feb. 28. 

The Columbia company has entered 
into a contract with the South Carolina 
Public Service Authority for the trans- 
fer to the Authority of the license and 
the purchase by the Authority of all lands, 
water rights, easements, franchises, en- 
gineering data and construction plans 


prepared for the development of the proj- 
ect. This contract terminates Feb. 28, 
1937. Full performance of the contract 
between the two agencies has thus far 
been prevented by pending litigation against 
the Authority. 
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Seattle Decides to Use 
Gravity Dam 


The $4,380,000 Ruby dam on the Skagit 
River, for which bids will shortly be asked 
by the city of Seattle, Wash., will be built 
as a gravity dam, according to a decision 
reached by Seattle city light officials. A 
combination of the constant angle arch 
dam and the gravity dam had been planned 
originally. The lighting department’s pres- 
ent decision is subject to review and 
approval by the Federal Power Commis- 
sion. 

A contract for diamond drilling at the 
dam site has already been awarded, and 
bids will be opened Jan. 14 for clearing 
the basin behind the dam. The city has 
also awarded several contracts for material 
to be used in the construction of founda- 
tions for a 150 mile transmission line 
which will bring power from the dam to 
the city. 















Highway Funds 
Allotted to States 


$200,000,000 fund includes $25,000,000 for 
secondary roads and $50,000,000 
for crossing elimination 


The Secretary of Agriculture on Dec. 
29 announced the apportionment to the 
states of $200,000,000 of federal-aid high- 
way funds. Of this sum $125,000,000 is 
the regular federal aid for improvement 
of the federal-aid highway system. An 
additional $25,000,000 is provided for the 
improvement of secondary or farm-to- 
market roads, and $50,000,000 is provided 
for the elimination of rail-highway grade 
crossings. The new apportionments are 
for the fiscal year beginning July 1, 1937. 

These funds will be administered in the 
same manner as has been used in previous 
federal-aid highway work. Projects will 
be selected by the state highway depart- 
ment, which will also prepare the plans, 
let contracts, and supervise construction, 
all subject to federal approval. 

The states are required to match the 
funds for improvement of the federal-aid 
system and for secondary roads. Funds 
for use on the federal-aid system are now 
available for improving extensions of the 
system through cities. 

Tt is not required that the grade cross- 
ing funds be matched. 

Improvements to secondary roads and 
elimination of grade crossings with fed- 
eral funds were first begun as emergency 
measures to relieve unemployment. The 
present apportionment of funds for these 
purposes is the first to be made as part 
of the regular federal program. Regula- 
tions under which the new funds will be 
administered are now being prepared 

The accompanying table shows the de 
tailed apportionment by states and terri- 
tories. 

At the same time a further apportion- 
ment of $2,500,000 was made for the con- 
struction of main roads through unap- 
propriated or unreserved public lands, non- 
taxable Indian lands, or other federal 
reservations other than national forests 
during the year 1938. Authorization for 
this class of work was first made in 1930, 
and the new apportionment brings the 
total funds apportioned to date to $17,500,- 


000. Previous authorization provided for 
the construction of more than 1,400 miles 
of road. 

~ sho 


TVA Wa ges Raised 


Substantial raises in pay for many em- 
ployees of the Ternessee Valley Author- 
ity went into effect on Jan. 1. Hourly 
wage employees received a new scale 
agreed upon by negotiation between repre- 
sentatives of TVA and of the workers. 
Salaried workers have been graded into 
three unsatisfactory, satisfactory, 
or very satisfactory. The first rating re- 
sults in dismissal, demotion, or transfer 
to a different type of work. The second 
brings a pay increase, and the third a 
double pay increase. 

The size of the raises are governed by 
the present salary scale. For those receiv- 
ing up to $1260, it is $150; to $1800, it is 
$180; to $3500; it is $300; to $5600 ‘+ is 


classes, 





APPORTIONMENT OF FEDERAL-AID HIGHWAY FUNDS 


; Regular Secondary or Grade 

State Federal Aid Feeder Roads Crossings ota 
NR cases wa dhe eu ah $2 664,693 $532,939 $1,015,170 $4 ; 
Arizona ; -. Pe 1,829,952 365 ,990 314,594 "2 
Arkansas... . me 2,187,752 437,550 893,403 3 
California. . SA ee ty ae 4,858,220 971,644 1,874,656 7 
Colorado 2,336,054 467,211 657 ,357 3/4 
Connecticut . 805 ,426 161,085 426,784 ‘3 
Delaware . ey 625 ,000 125,000 250,000 1000000 
Florida. . , 1,704,765 340,953 712,816 2,753,534 
Georgia 3,233,279 646,656 1,223,099 5/1 ' 
Idaho... Sa 1,570,687 314,137 418,115 2. ) 
Illinois. . 5,238,798 1,047,760 2,644,980 8. 4 
Indiana ; 3,149,011 629,802 1,308,113 5086 9% 
Iowa... 3,291,322 658,264 1,410,787 3 ; 
Kansas 3,374,126 674,825 1,307,669 53 
Kentucky 2,349,316 469 ,863 919,174 3. 
Louisiana : 1,829,400 365,898 799,226 2 14 
Maine.. 1,122,670 224,534 352,468 1699 672 
Maryland 1,043 ,938 208 ,787 519,993 ¢ 
Massachusetts 1,769,936 353 ,987 1,047,500 3,1 $23 
Michigan. 3,893,528 778,706 1,664,807 6,337.04] 
Minnesota 3,495,178 699 ,036 1,342,809 5.5 
Mississippi 2247 ,708 449 542 806, 707 3 
Missouri 3,877,890 775,578 1,528,920 6,182 "388 
Montana 2,621,728 524,346 671,204 3/81 g 
Nebraska. . 2,641,423 528,285 892,976 4,062 684 
Nevada.... 1,632,385 326,477 250,000 2° 208 x 
New Hampshire 625,000 125,000 250,000 1/000 ‘000 
New Jersey 1,701,826 340, 365 997 ,689 3°039'8 
New Mexico 2'040,685 408 ,137 432,291 rast 'y 
New York. 6,258,857 1,251,771 3,424,399 10/935" 
North Carolina 2,998,371 599,674 1,244,662 4,842'70 
North Dakota 1,996,414 399, 283 803,068 3°198'765 
Ohio... 4,640,344 928 ,069 2,141,704 7,710,11 
Oklahoma 2,995,620 599,124 1,156,175 4,750,919 
Oregon... 2,092,368 418,474 588,377 3,099. 219 
Pennsylvania 5,434,356 1,086,871 2,905 ,671 9426808 
Rhode Island. . , . 625,000 125,000 250,000 1,00 000 
South Carolina ; 1,722,188 344,438 752,928 2,819'554 
South Dakota 2,084,100 416,820 694,096 3,195.01 
Maisie 2,681,110 536,222 958,753 4,176.0 
Wiens 7,957,610 1,591,522 2,724,825 12,273 
See ce eee 1,447,780 289,556 322,885 2:060 
Vermont. 625,000 125,000 250,000 1 000,00 
Virginia. . : 2,328,369 465 ,674 941,656 3,735.6 
Washington.... ’ 2,002,877 400,575 767,991 3,171,44 
West Virsinis 1,390,447 278,089 671,712 2,340.24 
Wisconsin . 3,107,053 621,411 1,252,871 4,981.3 
Wyoming 1,600,350 320,070 344,961 2,265,381 
Dist. of Col Saduhtce fence tee fa 250,000 250000 
Hawaii. 625 ,000 125,000 250,000 1 000,00 
Puerto Rico 625 ,000 125 ,000 369 ,959 1,119,959 


Total. . 


$125 ,000,000 $25,000,000 





$50,000,000 $200,000 ,000 





$400; and above $5600, it is $500. All 
TVA employes are eligible for this in- 
crease except the three directors whose 


$10,000 salaries are fixed by law. 


Engineer Appointed to Head 
Louisiana Commission 


J. Lester White of Bastrop, La., has been 
named full-time chairman of the Louisiana 
State Planning Commission, created by the 
1936 legislature (ENR, July 23, 1936, p. 
135). The commission will employ a sec- 
retary and draftsman and will start work 
immediately in coordinating all PWA and 
WPA work now being done in Louisiana. 
Under the terms of the act creating the 
commission, all plans for public buildings, 
improvements affecting highway locations, 
and other publicly financed work must be 
passed upon by the commission 

Mr. White is a graduate in civil engi- 
neering from Louisiana State University 
Engineering College, and has been for four- 
teen years engineer for the parish of 
Morehouse. 

Dr. Paul Hebert, dean of Louisiana State 
University, was appointed a member of the 
commission representing the University. 
Ex officio members of the commission in- 
clude: L. B. Abernathy, Louisiana highway 
commission, chairman; W. G. Rankin, 
Louisiana Conservation Commission; Dr. 
J. A. O’Hara, president, Louisiana State 
Board of Health; Harry D. Wilson, Louisi- 
ana Commissioner of Agriculture; and 
Harry Jacobs, chief of the Louisiana State 
3oard of Engineers. 





Big Irrigation Project 
Finished in India 


The Lloyd Barrage at Sukkur, India, a 
6,500,000-acre irrigation project was 
pleted recently. The barage, equipped 
with sluice gates and regulators, has a 
length of 4,600 ft. Seven main canals of 
the irrigation system radiate from the site. 
The total length of main line canals and 
branches is 1,600 miles, and there are 4,622 
miles of distributing canals. 

Construction of the barrage and canal 
system involved about 210,000,000 cu.vd. 
of excavation, 


Concrete Contractors Will 
Meet in Chicago 


A National Concrete Contractors Con- 
ference will be held in Chicago on Jan. 
18-20. The program will include technical 
discussions of modern concrete construc- 
tion practices and also the advertising and 
promotional aspects of contracting. 

At the same time that the Concrete Con- 
tractors Conference is held, four other 
groups of concrete users will hold their 
conventions simultaneously, The Nationa! 
Concrete Masonry Association, the Cast 
Stone Institute, the American Concrete Pipe 
Association, and the National Cinder Con 
crete Products Association have plann 
their meetings at the same time. Several 
joint sessions have been scheduled. A large 
exhibit of concrete machinery, accessories, 
and materials will also be a feature. 
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SOCIETY CALENDAR 


TIATED EQUIPMENT —DISTRIBU- 
ORS, annual meeting, New Orleans, La., 
10-12. 
CANADIAN 
ON, annual 

, Jan, 11-13. 


RICAN ROAD 


CONSTRUCTION ASSOCIA- 
convention, Ottawa, Can- 


BUILDERS ASSOCIA- 
(ON, convention and highway exhibit, 
New Orleans, La., Jan. 11-15. 

rNTVERSITY OF COLORADO, highway _en- 
eering conference, Boulder, Colo., Jan, 

15. 
MERICAN ENGINEERING 
| assembly, Washington, D. C., 
14-16. 

{MERICAN INSTITUTE OF CONSULTING 
ENGINEERS, _ annual dinner meeting, 
New York, N. Y., Jan. 18. 

NATIONAL CRUSHED STONE 
TION, annual convention, 
Ohio, Jan, 18-20. 

\MERICAN SOCIETY OF 
NEERS, annual meeting, 
Jan, 20-23. 

ENGINEERING 
nnual meeting, 
29-30. 

ASSOCIATED GENERAL CONTRACTORS 
O} AMERICA, annual convention, San 
Antonio, Texas, Feb. 15-17. 

AMERICAN CONCRETE INSTITUTE, an- 
nual meeting, New York, N. Y., Feb. 23-25. 

AMERICAN RAILWAY ENGINEERING 
ASSOCIATION, annual meeting, Chicago, 
Ill., Mareh 16-18. 


COUNCIL, an- 
Jan. 


ASSOCTA- 
Cincinnati, 


CIVIL 
New York 


ENGI- 
City, 


INSTITUTE OF 
Montreal, Canada, 


CANADA, 
Jan, 


JERSEY SOCIETY OF PROFES- 
SIONAL ENGINEERS AND LAND SUR- 
VEYORS, annual convention, Paterson, 
N. J., dan. 16. 

COLORADO SOCIETY OF ENGINEERS, 
annual meeting, Denver, Colo., Jan. 15-16, 

LOUISIANA ENGINEERING SOCIETY, an- 
nual meeting, New Orleans, La., Jan, 22-23, 

NEW YORK STATE SEWAGE WORKS 
ASSOCIATION, annual meeting, New York 
City, Jan. 21-23. 

WYOMING SOCIETY OF 
nnual meeting, Cheyenne, 


NEW 


ENGINEERS, 
Wyo., Jan. 


AMERICAN WOOD 
CIATION, annual 
La., Jan, 26-28, 

NATIONAL PAVING BRICK ASSOCIATION, 
annual meeting, Detroit, Mich., Jan. 27-29. 

CONNECTICUT SOCIETY OF CIVIL EN- 
GINEERS, annual meeting, New Haven, 
Conn., Feb, 16-17. 

SOUTHWEST ROAD SHOW AND SCHOOL, 
Wichita, Kansas, Feb, 23-26, 

ASSOCIATION OF HIGHWAY OFFICIALS 
OF NORTH ATLANTIC STATES, annual 
convention, New York, N. Y., Feb. 24-26, 

MINNESOTA FEDERATION OF ARCHI- 
TECTURAL AND ENGINEERING SOCI 
ETIES, annual convention, St. Paul, 
Minn., Feb, 26-27, 

NEW JERSEY SEWAGE WORKS ASSO- 
CIATED, annual meeting, Trenton, N. J., 
March 11-12. 

AMERICAN WATERWORKS ASSOCIATION, 
Four StTatTes SEcTION, annual meeting, 
Hyattsville, Md., March 25-26. 

AMERICAN WATERWORKS ASSOCIATION, 
FLroripaA Secrron, Jacksonville, Florida, 
March 30 April 1. 


PRESERVERS 
meeting, New 


ASSO- 
Orleans, 


LICENSE EXAMINATIONS 

NEW YORK Examinations for professional 
engineering originally scheduled for Jan. 
20-27 have been postponed to Feb. 1-3, and 
the examination for land surveying originally 
scheduled for Jan. 28 has been postponed to 
Feb, 4 

2, 


—_—~o— 


ENGINEERING 
NASHVILLE at a 
ember meeting include President, E. M. 
vice president, W. W. Maddy; 
retary-treasurer, John E. Thomas. 


Officers elected by the 
ASSOCIATION OF 


D 


lurner: 
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FUNCTION DICTATES FORM 
OF NEW INDUSTRIAL OFFICE BUILDING 


HAT is probably the most unusual 
industrial building in America is 
under construction in Racine, 


office staff 
makers of 
r, Frank Lloyd 


Wisconsin, to house the main 
of S. C. Johnson & Son, Inc., 
Wax polishers Its designe 
Wright, famous for his architectura 
creations, disregards all 
has long been his practice, to 
what he describes as a “highly deve 
synthesis of form and idea—more 
developed than has been 
past because it is a _ building 
windowed walls.” 


Function dictates form 


efficiency and extreme livability. 
inent in the sketch of the 
building reproduced here is the 


links containing the offices of the 
executives, the two. circular 
stacks or “nostrils” for intake 
haust of air and the one-story 
at the left which is a 
ing lot. 
The around one 


plan centers 


ing. Cireling this room is a 


$26,785,000 in PWA Funds Asked 
For New York Crosstown Tunnel 


An application for federal aid in the 
construction of the proposed $26,785,000 
tunnel under Manhattan Island connecting 
the Hudson River and East River mid- 
town tunnels now under construction has 
been sent to the New York State PWA 
offices by borough president Levy of 
Manhattan. 

Approval of the proposed vehicle tunnel, 
was voiced on Dec. 12 by the Merchants As- 
sociation, an organization of New York 
business men. The association stated at the 
same time that the proposed tunnel was also 
approved by officials and engineers of the 
Tunnel Authority and the Port Authority. 

The association pointed out that the 
Queens-Midtown tunnel under the East 
River would be opened in 1940 and that 
the first lane of the Midtown-Hudson tun- 
nel will be ready for use in about a year 
and that the initial traffic in each of these 
tubes has been estimated at about 15,000,- 
000 vehicles per year. 

The Merchants Association’s special com- 
mittee on city transit, street traffic con- 
trol, and public planning concluded, after 
a survey of midtown traffic conditions, 
that the completion of these river tubes 
would render the already congested traffic 
conditions in midtown Manhattan intoler- 
able unless the proposed crosstown tunnel 
were built. 


convention, as 
produce 
loped 
highly 
possible in the 
without 


completely in 
an attempt to achieve both high working 
Prom- 
completed 
pent 
house in the shape of three ellipsoidal 
chief 
breathing 
and ex- 
structure 
roofed-over park- 


large 
workroom, 210x130 ft., with a 20 ft. ceil- 
mezzanine 


gallery close to the first floor 
are located the offices 

ids and junior execut 

of concrete and steel The 

sts of brick and glass. The bri 

of a soft red color, is of special size. 

n interesting departure from co! 

; is the use of br 
ed below the concret 
nvert the floors then 
radiators. Cork is used as 
insulation throughout. Utilities, as well 
as rest rooms, t ts, and locker roon 
are all located below the large workroom 
and are reached directly by a series of 
spiral iron The building in- 
cludes a small theatre with a seating 
capacity of 350 located on the mezzanin 
level, Orientation is an innovation in 
that the entrance is interior to the lot 
and faces the architectural parking 
area which is designed in keeping with 
the main structure. The main building 
is set back from the street fronts 14 ft. 
on all The total estimated cost 
is over $350,000 The building will be 
ready for occupancy this summer. The 
general contractor is B. E. Wiltscheck, 
Racine, Wis 


floor slab to 
selves 


into 
] 


staircases 


sides. 


Western Mosquito Fighters 
Meet in Berkeley 


officials, 


Mosquito abatement sanitary 
engineers, and health officers from Cali- 
fornia and Oregon met in Berkeley, Calif., 
at the University of California for the Sev- 
enth Annual Conference of Mosquito 
Abatement Officials on December 15. 

Harold F. Gray, engineer of the Alameda 
County Mosquito Abatement District, 
pointed out the increasing interest of engi- 
neers and architects in problems of mos- 
quito control. Mr. Gray stated that intelli- 
gent cooperation of engineers is needed in 
order that construction may be designed to 
prevent rather than to cause mosquito 
breeding and spoke of the interest in 
mosquito control work shown at the Port- 
land Convention of the American Society 
of Civil Engineers. 

Part of the conference program was de- 
voted to a discussion of a slight, but ap- 
parently increasing, malarial incidence in 
California. Dr. Harlan L. Wynns, epidemi- 
ologist of the state department of Public 
Health, pointed out the danger of in- 
creased malaria resulting from an influx 
of migratory workers from southern states. 

A. M. Emerick, superintendent of the 
Napa County Mosquito Abatement Dis- 
trict, presided at the conference. Joseph C. 
Dickey, superintendent of Pulgas Mosquito 
Abatement District at Redwood City was 
elected president for the 1937 conference. 





Brief Nens 


Tue Battimore Water TUNNEL from 
Loch Raven to Montebello is expected to 
be put under construction by early spring. 
Plans and specifications for the 8-mile, 
$5,300,000, tunnel have been placed in the 
hands of the Baltimore Public Improve- 
ment Commission by chief engineer Crozier, 
and the rights-of-way for the project have 
been acquired. When the new tunnel has 
been completed, in about three years, it is 
planned to line the present unlined tunnel 
between these two points at a cost of 
about $1,800,000. 

ARGENTINE SEcTION of the 


THe First 


tion will be asked of the next Congress. 
The preliminary studies have been financed 
from a $25,000 grant made for this purpose 
by the last Congress. 


THE WriiiamMssurG Brince over the 
East River in New York City has been 
given two extra lanes for highway traffic 
by the removal of two street car tracks. 
Originally the bridge carried two rapid 
transit tracks in the center, two sets of 
two-track trolley lines, one on each side, 
and two two-lane highways at the outer 
edges. By the present operation the trolley 
tracks, on which there is little traffic, are 
reduced to two, and six lanes of vehicle 
traffic are now available. The new vehicle 
lanes are paved with 7-in. concrete slabs 
reinforced with welded steel 





pointed vice president in charg: 
erations. Mr. Mann is a graduat< 
gineering of the University of \;, 
and has been connected with the 
Pacific since 1909 when he start: 
instrument man. In 1918, Mr. Ma 
appointed assistant engineer with 
at Omaha. The following year 
promoted to engineering accounta 
in 1922 became assistant engineer in 
of bridge construction of the ( 
Washington Railroad & Navigati 
now the northwestern district « 
Union Pacific. In 1924 he becam: 
engineer of the Union Pacific in 
of the southwestern district and 
years later he returned to Omaha a: 
engineer of the railroad. 


Pan-American Highway was opened to - ‘ bar trusses ( 
traffic on December 27 with the inaugura- prefabricated in mats. The work was done eo 


tion of the 222-mi. section from Buenos 28 a WPA project at a cost of about ( 

Aires to Rosario. This section was con- $400,000. Ol ] a sul 

structed at a cost of $7,500,000 ; it is 20 _ mutuary len 
; eG hie sali 

it. wide and is paved with reinforced con- vee | 

crete, except for about 30 miles of macadam Harry W. Situ, 62, for the ; H 

near Buenos Aires. Te 200-mile section Personals years city engineer of Jacksonvill 


from Rosario to Cordoba will be opened 
to traffic in March, and work is well ad- 
vanced on all sections of the 1,200-mile 
length of the Pan-American Highway in 
Argentina. 


THELMA F. Wuuite has been appointed 
deputy county engineer of Gallia County, 
Ohio. Mrs. White served as county engineer 
in 1934. 


Fla. died in Jacksonville on Dec. 2 


LEONARD KENNEDY, president and 
tor of the New York contracting fi 
Carey, Baxter & Kennedy died in 
Chester, N. Y., Dec. 28, aged 50. 





Tue First Secrion of Buffalo, N. Y.’s E. L. Linzett has been appointed chief a ce oP pea kK 
new $15,000,000 sewer project has been deputy engineer of Franklin County Ohio. wane Re STEVENSON, commected 
completed five days in advance of schedule. Mr. Linzell was formerly assistant divi- < 1 with the Chicago firm of M 
The completed section, known as Division sion engineer for the Ohio state highway rea & Co., architectural ane +o 
G, was built by E. R. Morehouse & Co. department. a Chicago on Dec. 29 at ti SY, 
of Camden, N. J., at a contract price of ivan e ; ; = : 
$228,000. Work began in June. All that . PERCY A, Suaw, engineer and super- Mitton B. Morcan, district engin: 
remains to be done on this section is the imtendent of the Manchester, N. H. water- ts Illinois Coniveh Railroad or, 
laying of the permanent pavement, which a _ oe a ae cee % in Memphis os ‘the as 
will be done in the spring. This section of ee a a d eet tee 
the sewer is divided fas ie parts, the first ©! health. “a Fo pe —— 
rectangular in shape, 7] ft. wide by 6 ft. THomas M. Ruppick, formerly asso- - : 
high with a length of 1,488 ft. in open cut ciated with the late Nicholas F. Hill, Jr. GrirritH JOHN, formerly chief 
and the other consisting of 40 ft. of tunnel. has established a laboratory in New York eer of the Otis Elevator Compa: 

An Impostnc New Bulitprnc is to be City Sor the analysis of water and sewage Pause NW. yom the ioe fa ‘81 
constructed for the Bank of China in and for testing sand gad coment. John served with the aiane ii = 
Shanghai, the completion date being set Netson G. PuHE.ps has resigned as direc- 50 years before his retirement 15 
for next year, The building has a 100-ft. tor of the project application section of ago. 
frontage and is 600 ft. deep. In the front the WPA engineering division to re-enter ; bree , so 
is a tower 220 ft. high, said to be the tallest general construction engineering practice _ WitttaM J. ScuLty, president of ” 19 
yet proposed in Shanghai. The building jn Washington, D. C. and New York City. Scully & Co., contractors of New \ 
will be of steel frame construction with re- City, died in Great Neck, L. I, on Jan 
inforced concrete and hollow tile floors and Puri B. Stroyan has been appoint- at the age of 47. Mr. Scully’s firm | 
will be faced with granite. Foundation ed assistant to the superintendent of the part in the construction of many 
conditions make it necessary to support all Vancouver Park Board. Mr. Stroyan is York buildings, including the Ritz Tower, 
the footings on timber piles 75 to 100 ft. a graduate of the University of British the Chrysler Building and the RCA St 
long. According to the Carrier Engineer- Columbia. Building. a 
1 ) < rs c a é ry : > 
departments and individual ‘effices will be _ BANUS H. Prater, district engineer for _ Watrrman P. Cox, editor of The | : 
air conditioned both in summer and in the Union Pacific Railroad with head-  structor, died in Washington, D. C. on P 

. . artefs in Sz wake City, has be - an. 3. 930 Mr. Conn, a newspaper 
winter. At all times of the year the air ‘uartefs in Salt Lake City, has been ap- Jan. 3. In 1] sie a, Pay 
will be dehumidified because of the pre- pointed chief engineer of the railroad man, became publicity director of f 
vailing excess moisture, and this dehumidi- | With headquarters in Omaha. Mr. Prater Ra ents camirntiers: of An ' 
fication will vary automatically with the has been connected with the Union Pacific ca and in 1934 was made editor of ‘The T 
condition of the outside atmosphere. The ‘Ce 1906. Constructor, the organization’s official 1s 
architects and engineers for this project are Lex Aicumy and Josep Dmson. con- publication. 

Messrs. Palmer & Turner, of Shanghai and Ae ay ee ‘ . ee at 
3 , : nected for 41 and 25 years, respectively, Puitie D. Borven, 86, city engineer, at 
Hongkong, associated with H. F. Luke, with the public works department of the prior to his retirement in 1913, of [all P 
architect in charge of the building de- city of Buffalo, N. Y., have been pro- River, Mass., died in that city on Dec. 24. p 
partment of the Bank of China. moted to the grade of assistant city Mr. Borden was a graduate of the M w 
aoe : : engineers of that city. sachusetts Institute of Technology. He had 
; ee PLANS for a bridge to held the position of city engineer for 31 
Dc —— rte = ee F. W. Danters has been appointed years before his retirement and had been 
os aan aus Sone Capital Park chief engineer of the H, K. Ferguson Co. connected with the city engineering <c- E 
and Planning Commission Tach dade to vis Se ee ee partment for more than 40 years. "a ( 
Mw a we o . me: 2 s, ; 
steel_and one in concrete were selected 3921 graduate in civil engineering from Evucene R. Myers, member of the Seat- q r 


tle, Wash., contracting firm of Myers & 
Goulter, died on Dec. 20. Mr. Myers : 
connected before the war with the en- 4 1 
Howarp C. Mann, chief engineer of gineering staff of Clallan County, Wa: ‘q 
the Union Pacific Railroad, has been ap- and afterwards was connected with 


for further study from a group of six 
drawings submitted by Colonel Sultan, 
engineer-commissioner, and Captain White- 
hurst, director of highways, for the Dis- 
trict of Columbia. A construction appropria- 


Cornell University, has been connected 
with the Ferguson Co. since 1924. 
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ton State Highway Department der a tutor,’was for several years locating \ gain is registered in public comn 
1921. His firm did much road-build- ind construction engineer t Denve cial and indu lob ‘ 
r the federal government in Alaska. ind Rio Grande Railroad and was late awe, earthwork, and drainage. but all 
division engineer for that railroad in classifications are lower. The classification 
rey LAWLER died on Dec. 21 in San charge of building their first division in subtotals are: industrial buildings. $1 
' sco at the age of 67. Mr. Lawler New Mexico. trom 1884 to 1889 h 709,000 : commercial build s. $4,271.00 
e president of the Utah Construc- was chief engineer of the Wabash Rail- public buildings, $9,067,000; highways, 
Co. and had been connected with way. He was later first consulting engi- $4,029,000: bridges, $2,501,000: 
f the larger construction projects  neer for the Illinois Railroad and Ware $1,086,000; waterworks, $1,412,000; 
West. He was a director of Bridge house Commission. In 1901 he was ap work and drainage, $984,000; uncla 
ers, Inc., contractors. on the Bay pointed a member of the Michigan Board $1.388.000. 
vice president of Six Companies, f Review to adjudicate railroad valua New capital for the week includ 
builders of Boulder Dam, and was tion problems, and from 1904 to 1906 state and municipal bond sales. $6.074.000 
‘ted with the construction of the served as a consulting engineer to the corporate security issues, $875,000, and 
politan aqueduct, Bonneville, Par- Indiana Harbor Railroad Company on PWA allotments, $240,000. 
1d Imperial dams, and the Hetch- the building of 110 miles of line. Mr 
vy water system. Hansel served as consulting valuation LARGER PROJECTS FOR 
engineer for the Pennsylvania Railroad THE WEEK 
( HARLES HANSEL, until last year presi- and its affiliated systems, as chairman of Paper mill, Southern Kraft Corp., ; 
of the Union County, N. J., Park the valuation committee for the Philadel- Georgetown, 5. C....-. $8,000, 000 
nission and for many years a con- phia & Reading Railroad Co. the Cen- Plant, American ‘ ynamid Co., li ail 
on valuation and economic prob- tral Railroad of New Jersey, and the Plant, Cleveland Twist Drill Co 
for railroads, died in Punta Gorda, Philadelphia Rapid Transit C In 1927 Kast Cleveland, O 00,000 
on Dec. 24, at the age of 77. Mr he organized the firm of Charles Hansel Blast furnace, Hamilton Coke & 
el, who studied civil engineering un- consulting specialists. iron Co., New Miami, 0 ho FR, OeS 
; * Cracking unit, Tide Water ‘sso 
ciated Oil Co., Avon, Calif 1,500,000 


Hospital Israel Zion Hospital, 
Brooklyn, N. Y ‘2 
Exposition buildings, Public 1 til 
CONSTRUCTION STATISTICS FOR THE WEEK a Lo 4 (ae 
os Gain i ee 3,105,000 
Bridge, Delaware River Joint Toll 


500.000 


NGINEERING construction awards total, $43,020,000; private, $17,195,000: 


for the first week of 1937 total $40,- public, $25,825,000; federal, $1,425,000: Bridge Comn., Trenton, N. J 723,000 
147,000. This comprises private work at state and municipal, $24,400,000. This Crystal Springs Pipe Line No. 2 

$21,244,000; public, $19,203,000; federal, week’s volume in private work is due San Francisco, Calif . oa8, 000 
$3,704,000; state and municipal, $15,499,000. principally to large industrial building Wildams Fork Tunnel in connwe: 

rresponding values a week ago are: contracts in the South. work, Denver, Colo wae 555,000 


CONTRACTS 
(Thousands of Dollars) 
Weekly Average Week 
Jan. Prev.4 Jan.7 
1936 Weeks 1936 
Federal Government $10,437 $4,380 $3,704 
State and Municipal 38,655 17,993 15,499 


CONTRACTS-WEEKLY AVERAGE 


Total public... .. $49,092 $22,373 $19,203 
Total private... 8,617 25,620 21,244 

3 a . CUMULATIVE CAPITAL AND ENGINEERING 
Week's total .. $57,709 $47,993 $40,447 CONSTRUCTION CONTRACTS AS REPORTED 


Cumulative to date: BY ENR 
1936. ..$36,736,000 1937... . $40,447,000 


NEW PRODUCTIVE CAPITAL 
(Thousands of Dollars) 


Week Cumu- 

1937 Jan. 7 lative 

State and municipal... $6,074 $6,074 
PWA non-federal ; 875 875 


FRC loans 
eS ME een viedenasas oman sii 
Corporate issues . ihe 240 240 
PWA loans, Private 


Total Non-Federal.... $7,189 $7,189 
Federal 


Total new capital....... $7,189 $7,189 
Cumulative to date: 
1936. ..$10,794,000 1937. . . $7,189,000 


Note: These figures include private bonds, 
and stocks sold for prodective purposes ; 
state and municipal bonds for construction ; 
PWA loans and grants to states and munici- 
palities. RFC direct purchase of bonds for 
self liquidating” projects, and 25 per cent of 
WPA construction appropriations. 


INDEX NUMBER 


ENR 1913 1926 ENR 1913 1926 
Cost = 100 = 100 Volume = 100 = 100 


Jan. 1937. .223.45 107.41 Dee., 1936..206 90 
Dec., 1935. .220.67 106.07 Nov., 1936..159 70 
in., 1936..199.48 95.89 Deec., 1935..254 111 
1936 (Av.)..206.46 99.24 1986 (Av.)..185 81 
'S> (Av.)..195.22 93.84 1935 (Av.)..135 58 
134 (Av.)..198.10 95.23 1934 (Av.)..114 50 


PREVIOUS 4-WEEKS MOVING AVERAGE -CONSTRUCTION CONTRACTS 
AS REPORTED BY EWR 


s 
i 
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CURRENT PRICES OF CONSTRUCTION MATERIAL 


CEMENT, AGGREGATES AND READY-MIXED CONCRETE—F.O.B. CITY 





| 
| SN | 

















— 
———PORTLAND CEMENT————. ——SAND AND GRAVEL——. CRUSHED STONE CRUSHED SLAG CONCR) 1} 
Per bbl., carload lots, including ope Per ton, carload lots Per ton, carload Per ton, carload Ready ed —_—_ 
bbl. for bags, cash discount not included Gravel, Gravel, lots lots, f.o.b. plant 1:2:4, 5 . 
Cloth Bags* Paper Kage Bulk 1} in, 2 in, Sand 1} in, 2 in. 14 in. 2 in. more, di 
ee eee 2.83 $2.58 5 $1.60 $1.60 $1.55 $1.69 $1.92 $1.69 $1.69 $8 ; 
Baltimore........ 2.66 2.41 21 1.80t 1.80t 1.303 1.80¢ 1.80¢ 1.80 1.20 7 Bi 
Birmingham 2.40 2.15 95 1.80 1.89 1.45 1.00 1.00 -90 1.15 5 —_ 
Boston 2 /25dl 2" 00dt 80 1.20 1.20 85 1.40 1.40 Ke nip 7 I 
es es. : a RO cer a RR — 
Chicago. 2.50 2.25 : 1.50 1.50 1.50 1.80 1.80 1.00 1.00 : . 
Cincinnati 2.50 2.25 0: 1.20 1.20 1.30 1.80 1.80 aie ae 6 Ik 
Cleveland...... 2.41 2.16 sles 1.40 1.40 1.20 1.60 1.60 1.75 1.75 7 
Dallas....... 2.30 _ 2.05 | 85 1.40 1.40 1.05 1.10 1.15 1.84 1.89 7 — 
Denver........ 3 2.85 ne 1.20 1.40 -90 bess caee es aiid v 
at id ok ae 2 2.09 1.80 1.30 1.30 1.20 1.50 1.60 1.40¢ 1.50$ 5 
Kansas City. 2 .06 1.85 1.85 1.15 1.85 1.80 es cove 7. 
Los Angeles a 3.3 rr 1 :  —— __ a. 20 90 1.20 1.20 og 6 Atl 
Minnes ans 2.80 hee 2.35 1.00p__ ~ ale 0Op .25p a 1.00p 1.00p 7 Balt 
Montre: al. ; see 2.628 1.70 80 85 1.00 1.203 1.30 6 Bos 
New Orleans 2.50 2.30 2.05 1.50 1.50 1.25 oes eens 8 Ct 
New York _ 2.35% _2.10$— éae _1.10tk 1.10tk .70tk 1.75tk 1.85tk aonee’s es Cir 
Philadelphia 2.58 2.33 2.13 1.45% 1.55} 1.15} 1.85t 1.90t 1.00% 1.00} 8. Cleve 
Pittsburgh 2.46 2.21 1.61 1.50} 1.50$ 1.70} 2.25$ 2:25¢ 50 1:50 7. Dalla 
St. Louis 2.53 2.28 ot 1.60f 1.40¢ 1.25/1. a0 75p -75p 657. ane -50/.85§ 6. Deny 
San Francisco 2.72 2.52 2.20 1.35 1.35 1.50 1.50 cee we De 
Seattle. 2.95 2.70 < op & 1.00 1.00 Za ‘OO 1.44 1.44 ecee 6.7 Kans 
* 100 ional ler e: ath returnable bag. Per cu. yd. ¢ Delivered. § F.o.b. Granite City, Ill. k Barge lots alongside Sidi, p F.o.b. plant. #5 tons or Los A 
2Within 3-mi. from Public Square. tton. 45% discount for cash. dl 10% off for cash 10 days. D Discount 35c. 500 to 2000; 70c. 2000 to 5000; 95c. Mint 
5000. SS Sales tax included. Mon! 
CURRENT MAXIMUM PRICES RECEIVED AT CEMENT MILL a 
Charge for bags not included. For cloth bags, add 40c. per bbl.; 10c. refund allowed for each returnable bag; for paper bags add 15c. per bbl., not refunda Phila 
Bagged Bulk Bagged Bulk Bagged lk Pitts! 
Alpena, Mich... . : $1.50 $1.45 Ironton, Ohio... . weeees $1.50 $1.45 North Birmingham, Ala...... $1.75 = 81.7 St. L 
Buffington, Ind.... 1.70 1.65 lola, Kans....... ‘ 1.70 1.65 Richard City, Tenn.......... 1.85 1.8 San J 
Crestmore, Calif. . . 1.72 2 La Salle, Ill...... 7 1.70 1.65 Saginaw, Mich.............. 140 «(1 Seatt 
Dallas, Tex. (Inc. 5c. tax) 1.80 1.75 Limedale, Ind... . ‘ 1.70 1.65 NOEs MENINNs s oap te oe sas 1.80 1.75 1B 
Hannibal, Mo 1.70 1.65 Mason City, Ia. Pisce 1.70 1.65 U niversal, Pa.. 65 l.t — 
Hudson, N. Y. 1.75 1.70 EY I ooo ss anc ex oewe 1.76 ae Waco, Tex. (P’ lus 5¢ Tax in Texs as) ¥ 75 1.7 
Independence, Kans. s 1.70 1.65 Northampton, Pa............ 1.65 1.60 Wyandotte, Mich............ 45 1.40 
Cash Discounts, Cement to Contractors: truck delivery, 2°% for cash on 10th of month; on carload deliveries, no trucking, same as dealer cash eee 10 er —_— 


bbl. for payment within 15 days of date of invoice. 


STRUCTURAL CLAY BUILDING TILE, BRICK AND LIME—DELIVERED Atla 













































































Balti 
STRUCTURAL CLAY TILE— STRUCTURAL CLAY TILE — LOAD -—~——BRICK———,. ———-——_- LIME Birm 
PARTITION — SCORED BEARING — SCORED Per M, in quantity, Per ton, in paper, earload lot, Bost 
Per M, lots of 2,000 pieces or over, Per M, lots of 2,000 pieces or over, Common Straight Hydrated Common Pulverized Chic 
3x12x12 in, 4x12x12in, 8x12x12 in. 8xl2x1l2in. 10x12x12in. 12x12x12 in. backing hard finishing hydrated or lump Cine 
Atlanta $71.10 $75.80 $142.10 $170.50 $199.00 227 .40 $12.25 $15.15 $19.50 $14.00 $14.00 Clev 
Baltimore 91.00 98 .00 183 .00 219.00 315.00 390 .00 13.00 17.00 20.00 14.00 25 .( Dall 
Birmingham 78.75 84.00 157.50 189.00 201.25 242.00 15.00 19.00 3 .00§ 1.75§ 2.2 Den 
Boston . __ 87. 75st 93 .60sl _175.50sl 198.90sl 210.608! 258. 30s 15.09 18.50 20.00 15.50 _ 385i Detr 
Chicago 66 .00 70.40 132.00 174.30 214.40 245. = 10.20 11.20 18.00 13.40 14.0 han 
Cincinnati. . . 62.00 62.80 117.75 141.30 169.26 17.50 17.50 15.97 12.48 -s Los 
Cleveland... . 45.00 48 .00 90.00 168.00 138.50 15.00 15.00 16 .00k 14.00k 2.651 Mini 
Dallas. . , : __ 59 00 62.00 125 oo.—=*‘CANV 00 a 155.00 9.50 24.00 19.00 i166. 00 15.5 a Mon 
Denver...... _* ae 88.00 141.50 160.65 196 .00 11.50 15.00 30.00k 22 .00k 22. 50k an 
OS eee 71.85 76.65 143.70 230.00 280 .00 ; 12.50 13.50 18.00 15.00 15.2 = 
Kansas City ‘ 64.50 66.50 81.00* 125.50 159.75 186. 25 13.00 22.00 18.90 12.40 10.35 Pitts 
Los Angeles ? 298 50 94.25 134 00* 188.00 A 232.50 311 50- 11.50 _14 00 ; 18.70 sseee 19.70 a! St. J 
Minneapolis 80.158 85.508 115.408 167 .758 173.258 243.708 13.10 15.10x 21.00 16.00 19.00 nay 
Montreal... 84 .00s 96 .00s eee: | eee 273.00 15.50 20.75 25.50 17.00 11.00 a 
New Orleans. . 69 .00 69 .00 129.00 155.05 203 .25 ae. ) wstiens 18.40 11.25 * 
New York 78.40 83 .60 _125.40* _193 .30t 238. 80¢ 12.50 a 20.00 15.50 20.00 _ 
Philadelphia 80.50 85.90 161.10 193.30 234.40 200- 10 15.0) 18.00 16.30 11.10 10. 6 
Pittsburgh . . . 58.40 62.30 116.85 165.00 217.00 250.00 16.50 25.00 17.20 14.50 2.22p 
St. Louis aah 2.00 65.00 120.00 180.00 234.00 280.00 15.00 18.00 .55ft -40f 2.00 
San Francisco. . . 84.00 94.50 225.00 aay) #4 | Aepkaene Sot) eeitewedy 15.00 18.00 .55$ .40§ 2.05 = 
Seattle.......... 84.00 95.00 180.00 SO Neen. 2 gees 15.50d 18.50 30.00 20.00 28 . 60 
*6x12x12 in. + F.o.b. Perth Amboy, N.J. | tPersack. § Per bbl.,200lbs.  p Per bbl.,180lbs. gq Per bbl., 280-lb. kLCL. dless $1 cash 15 days. 
cLump. sSmooth. xSelected common. UCarload lots delivered to job. z Per sack, 100 Ibs. 
ROAD SURFACING MATERIALS—F.O.B. CITY 
PAVING BRICKS AND BLOCKS PAVING ASPHALT ASPHALT BINDERS— CUTBACX ROAD OILS ASPHALT 
Granite Brick Wood FLUXES ASPHALT ‘ EMULSION 
per M,lots per M, persq.yd., Per ton, less than 80 Per gal., 80-300 pene- 
of 50,000, Sates) in., 3in. penetration, tration, Per ton, Per gal., Per gal., le 
4x4x8in. carload lots 16-lb. treat Tank car Drums Tank car Drums Tank car Drums Tankcar Tank car Drums Da 
Atlanta........ $75.00 $35.00 $18.202 $23.412 $0. 028 3 $0.7992 07682 10892 $0.6682 $0.0875  $0.087 Ler 
Baltimore... ... 110.00 44.00 17.00 22.00 ‘ - 5 .10 .09T JE. a@anes a ee ree i ie 
Birmingham.... 110.00 25.00 19.00 24.00 .0878 .1128 .10T “13a aw eeer 06 oe 3 Kat 
Boston...... --__ 75.00 00 7. 22.00 Ore 0956 _.09Te .125te .095e 125¢ s 1.08 
Chicago........ 140.00 7 21.00 16.00 20.00 .07 .09 135 ; nA ; 
Cincinnati. .... 112.00 3. 7.47 i. | - Suwa 17.00 .08 Wins ; No 
Cleveland... ... 100 .00$ Rs 20 -075 094 085 -085 095 Nor 
Dallas......... mt 75.065 16 18.75 _ _.085 135 Pt 
ih iciehee- basse <> ee 2  eWee a hn Lowe ee 15.25 il 15 4 Pit 
eS eS ee 3.50 17.508 22.50% .O77T 11 15 ; S 
Los Angeles.... ..... eee 7 .50 10.34% 14.508 10.34 06 2 3 San 
Minneapolis...._. ge abr 1.900 20 — 24.70 .098 -098 21.85 Ot Rae Tepes eee os 3 Sea 
Montreal....... 85 .00* 60. .00 .10 13 ~.0975t— -1175T 135 165 3 * 
New Orleans... 100.00 32. .75 .068 .095 .O75T .10t -0785 ll m x 
New York...... 120.00§ 65 2.00 .075 .10 .09T Se 0) Nan a .075 oka 
Philadelphia _120.00 42 00 «06 _-085 __ 065+ -095T 055 \ ae a ; ' 
Pittaburgh..... 115.00 40 .00 077 .1125 .O86T -121f nn , cteunee 1 Gaara o 
St. Louis....... 115/120 35. .20 .075 .105 .O8t -1lf .045 .09 12 Cal 
San Francisco.. ...... 50 00 12.00% 18.00% 12.50% 23.00% .04 +0575 .117 a n 
Dan + <65°. aeabee 35 sobs .50 17.00% 23 .00% 16 .CG cc tee -03 .19 -20 a 
Note: Paving asphalt, tank car or boat, f.o.b. Maurer, N.J. ae ton, Bermudez, $25.00; Trinidad, $21.00. *Sales tax included. {Per gallon. $44x6x5}$in. #Per tor ‘4 Ch 
§4x5x9in. Av, & Mexican, * Local reduction due to 20% reduction intra-state class freight rates, only Georgia affected. 124 in. 6 to 8-lb. treatment, e F.o.b. Evers 4 s 
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CURRENT PRICES OF CONSTRUCTION MATERIALS 





IRON AND STEEL PRODUCTS—BASE MILL PRICES 








STRUCT. REINF. RIVETS WIRE SHEET —————STEEL RAILS— TRACK SUPPLIES—— 





SHAPES- BARS }-in. struc- NAILS PILING Per Gross Ton Angle Std, Tie Track 
PLATE }?-in. billet tural Base Base Standard Light Re-rolled bars spikes plates bolts 
sininuees $1.25 $3.15 >. oe $39.00 $3500 $34.00. $2.70 as $2.10 $4.00 
Chicago. ...ses 1.95 2.10 3.35 2.15 $2.50 39.00 35.00 34.00 2.70 +590 2.10 4.00 
Pittaburgh..... 2.05 2.05 3.25 2.25 2.25 39.00 35.00 34.00 2.70 2.90 2.10 4.00 
IRON AND STEEL PRODUCTS—F.O.B. WAREHOUSE, PER 100 LB., BASE PRICE 
F.O.B. STRUCTURAL REINFORCING BARS EXPANDED METAL LATH -WELDED FABRIC REINFORCING—, SHEET 
WAREHOUSE SHAPES Per 100 lb., 2 in., base —Per 1008q. yd., carloadlots—. —Per 100 s.f., carload lots— 6x6 in., No. PILING 
Per 100 Ib., _. price Std. diamon Std. ribbed 4x16 in., No. 4x12 in., No. 6 & 6 wires Per 100 Ib. 
base price Newbillet Rail steel mesh, 3.4 Ib. 3.4 Ib. 5 & 10 wires 8 & 12 wires Per sq. yd. base price 
Atlanta..ccccseceseces $3.49 $2.54 $2.37 $21.00 $23.00 $1.58 $1.20 $0. 1494 $2.70 
Reltineneciceseass 3.10 2.75 2.60 25.00 28.00 1.45 Vit 1368 2.45 
Bosteh .«csctcuvess “ 3.79 2.66 2.44 23.00f 25.00T 1.51 1.15 . 1422 2.82 
Ch oi 2.10 2.10 1.95 20.00 22.00 1.44 it . 1359 2.50 
( ati Foe 3.25 3.25 25.01 29.50 1.43 1.10 . 1350 
( — ee 3.31 2.75 2.60 20.00 22.00 1.42 1.09 . 1332 
Dallas. vscadaaadtpanrcs 2.45 2.65 2.69 26.00 28.00 1.69 1.2 1593 2.85 
Denver....-- 4.05 3.76 3.61 22.00 25.00 1.70 +.2 1611 
D baskivepaetw ees 3.52 2.64 2.49 20.00t 22.0Ct 1.45 111 1368 2.53 
Kansas City 3.85 2.85 3.40 19.00 21.00 1.55 1.18 1467 2.94 
Los Angelcs.........-- 2.35 2.325 a ad 23.00 27.50 tae 1.29 . 1629 2.65 
M apolis 3.70 3.06 2.91 24.00 28.00 1.54 1.17 1458 2.82§ 
Reniatthic «cuckasdss 3.25 2.15 2.15 32.50 35.50 2.46 1.82 253 2.80 
New Orleans........- ey macy es 20.75 23.75 1.59 1.20 1503 ; ‘ 
New York. ......+. 3.47 2.50 2.35 17.50 19.50 1.56 1.18 1476 2.75 
Philadelphia. . . 3.10 2.76 2.21 ee os 1.46 1.12 . 1377 2.40 
Pittsburgh......-.- 2.07}¢ 1.85¢ 1. 90¢ 0. 00¢ 00t 1.38 1.07 1296 2.25 
St Louis gis pcess 3.55 2:45/2.95 2 30/2. 80 20: 00/22. 00 3: 00/25.09 1.45 Vu 1368 2.35 
San Francisco........ 3.65 2.725 2.575 24. 26.50 1.72 1.29 . 1629 3.00 
geattle.....cccceserse 3.55 2.50 24. 50 26.50 t.22 1.29 . 1629 2.60 


tBase Mill Price plus switching charge. Note: Shapes, ‘bars and piling subject to quantity discounts. §Mill Price plus freizit to Minneapolis. tf.o.'. delivered. 
SSS 


PAINTING AND ROOFING SUPPLIES—F.O.B. 


RED LEAD WHITELEAD ———READY-MIXED PAINT——. 





———-ROOFING SUPPLIES Carload lots, f. 0. b. factory-————-—— 


4 




















Per 100 lb. Per 100 lb. Per gal., drums Rolls, slate Asphalt Tar felt, Asphalt Tar pitch, 
in 500-Ib. lots in 500-lb. lots # Ferric surfaced, 85- felt, per per 100 coating 350 Ib. bbl., per 
D in oil Graphite* Aluminumt Oxidet 90 Ib., vy sq. 100 fb. Ib. per ga ton 
Atlanta.....+. ‘ $7.75 $11.50 $1.60 $2.50 $1.40 $1.94 $1.70 $1.70 a $25.60 
Baltimore...... 7.00 11.00 1.45 2.25 1.70 2.03 3.00 3.00 3 25.00 
Birmingham.... 7.25 11.50 2.35 2.35 1.85 2.01 1.77 1.77 36 22.00 
Boston... we 7.00 11.00 1.85 2.65 .0475x 1.75 2. 25k 2. 25k 45 20.00 
Chicago se 7.00 11.00 1.80 sa 0% 2.35 2.16 2.16 34 33.00 
Cincinnati... .. 7.00 11.00 1.45 2.50 1.40 2.40 2.39k 2.39k 36 21.00 
Cleveland...... 7.00 11.00 1.70 2.45 1.40 1.55 1.75k 1.75k 23 19.00 
DaRaes .cccceds ee 12.00 1.80 2.10 ; 2.75k 2. 50k 2. 50k 14 10.80 
DOnVER. ..s\6's ai 7.50 11.75 2.55 kn : 2.25 3.30 3.55 35 30.00 
Detroit... 5% 7.00 11.50 1.65 2.40 1.40 2.40 2.65 2.50 35 30.00 
Kansas City.... 7.00 11.125 1.65 2.65 1.10 1.78 3.15 3.15 25 24.50 
Los Angeles.... 7.25 11.25 1.60 2.25 2.30 2.00 1.50 : 45 oe 
Minneapolis... . 7.00 11.123 rye . a 1.75v 1. 62kv 1. 62kv .29 23.80 
Mo ntreal ana re 8.20 2.00 4.75 .40 2.50 1.60 1.83 .50 1.52§ 
New York..... 7.00 11.00 1.85 2.50 1.55 1.75 1.62k 1.62k . 232 22.00 
Philadelphia .... 7.00 11.00 2.515 2.94 1.515 1.75 1. 86k 1. 48% .29 25.00 Le 
Pittaburgh..... 7.00 11.00 1.05 I . 80 1.8 1. 65k 1.65 .34 24.00 
St. Louis....... 10.00 11.00 1.60/1.85 2.40/2.45 1.40/1.70 1. 83k 2.57 2.57 ae 25.00 
San Francisco... 7.25 11.25 1.80 2.75 1.10-2.00 1.54 1.90 1.90 .325 22.00 
Benttle . .<ekass 7.25 11.25 1.80 2.85 1.97 2.42 2.60 -60 28.00 
*U S. War Dept. 8 3-49A. +tASTM Spec. D266-31. $80% maximum ferric oxide. §Per 100 lb. kPer roll, 65 lb. xPer Ib. vMinneapolis & vicinity 
Note: "Red lead in Spee hi higher end: 1 white lead in oil. #Rasis of quoting changed this month from list to 500-Ib. lots. sSales Tax included. 
eos a i ; ~ ig en | PILES 
iscounts from latest jo Ts er lb, dynamite | Price pr li oot, pine, with bark on, f.o.b. [Tew York; delivered irom barg 
List, Sept. 15, 1928 delivered 50-lb. cases anger Canee feat, 9 1} to 2c. per ft. additional: , a barge 
Single or Double Thickness Gelatin -—Short Leaf Long Leaf—~ 
A quality B quality 40% 60% | Dimensions Points Length Barge Rail Barge Rail 
RUBIA Ss 6ns.08 508 75% 75% $0. 135 $0.15 12in. at butt........ 6in. 30to 50ft. $0.16 $0. + $0.16 $0.19 
BKaltimore........ 84% 86% 145 16 12ia.—2 ft. from butt. 6in. 50to 59ft. 20 18 aan 
Birmingham ce 88% 90% 095 wt 12in.—2ft. from butt. 6in. 60to 69ft, 2 att 19 . 24) 
Bostoe; icicsaucks 87% 88% 13 .145 | 14in.—2ft. from butt. 6in. 59to 69ft. 23 . 265 . 234 274 
CORR, ona cue ee 869 87% . 105e .12c | 14in.—2 ft. from butt. 6i1. 7Ito79ft. .25 2/5 .27} 335 
Cincinnati........ 89-10% 91-10% oat .29 14in.—2ft. from butt. Sin. 80to 85ft. 35 415 ‘ . 
Cleveland........ 85% 85% 215 .225 14in.—2{ft. from butt. 5in. 85to 89ft, 37 . eee etiiad 
allen. «ses hace 80% 80% 16 170 
See ee a 86% 879 s 15 a 16 RAILWAY TIES 6 In. x 8 In. 7 In. x 9 In 
1) Mes Keene raw 87-10% 89-10% .21 .24 Prices f.0.b., per tie, for carload lots: by 8 Ft. by 8} Ft. 
Kansas City...... 85-10° 86-10% 415 . 165 {Pine untreated...... aaa : $1.10 $1.50 
s Angeles...... 90%* 90-40% .1725¢ . 1925t Soston.... Pine, untreated . : ; 1.10 1.50 
Minneapolis...... 84% 85% . 145 .16 | Pine, creosoted . . ; 1.60 2.25 
Montreal......... 60-30% 70-5% 18 .4925 | New York 'Long-l eaf sap pine, untreated . 1.05 1.25 
New Orleans...... 88% 90% .215 .23 E **** |Mixed oak, untreated. aces 1.20 1.40 
New York. os 85% 87% .215x . 23x White oak, untreated. : .85 1.35 
Phils adelphia .. be 85% 86% 145 .16 White oak, creosoted . 1.50 1.70 
Pittsburgh........ 88% 88% .10 115 Birmingham .. )Southern pine, untreated *6 x 8 x 8’ 6” 55% .70 
SM. Lowe es 44 89% 89% 145 . 165 \Southern pine, creosoted . 1. 10% 1.30 
“an Francisco... .. 78% 83% . 1475 . 1625 {White oak, untreated. 1.25 1.55 
Seatine. ss ves cons 83% 86% . 1425 . 1575 Oak, empty cell, creosoted . . 1.67 2.05 
*Dise. from list Aug. 1, 1929. F.o.b, Arsenal. {Double thickness A & B. Chicago...... (Son zine treated........... 1.55 1.90 
\Manhattan only — other Boroughs $6 per trip. ¢ carload lots. oe creosoted........... 2 ! 3 
CHEMICALS Los Angeles. (Br. creosoted.. .. cuucaiataataee 1.67 2.40 
_ Water, sewage treatment, road work, f.o.b. carlots, New York. iR ted oak, untreated................ 1.00 ee 
eaching pout in drums. F.o.b, works, per 100-Ib. . . $2.00-2.85 Philadelphia .. | Red oak, creosoted..............-- aca 2.10 
Calcium chloride, 77-80% flaked, in 400-lb. drums or 100-lb. White oak, untreated. .... a 1.05 1.45 
moisture proof bags, f.o. b works freight equalized with points | Red onk, untreated........... 1.02 1.40 
att COMP NE OUI io osc ois ccvsct see cecens. ; .  22.00-35.00 | St. Louis.....}Red oak, cre »soted . eases 1.55 1.95 
hlorine cylinders Pe MOONOL ou 5senso4 v.00 ee .055 | “\Sap pine or cypress, ‘untres ated. Sehkees . 87 1.20 
cate o soda 52 deg., in drums, f.o.b. works, per 100 iis 1.35 | Douglas fir, green, untreated........ .45 . 63 
da ash, 58% in paper bags, per 100 Ib. dense... .. ‘ 1.25 | San Francisco. eam age fir, empty cell, creosoted .... 1.14 1.56 
iphate’ of aluminum, commercial, in 100-lb ». bags, per ton. 27.00 | Birch or maple, untre: ~aied a ae .65 75 


ilphate of copper, in bbl., per 100-Ib.. ST a Sa 4.45 | Montreal \Birch or mare, creosote] co 1.05 1.35 
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CURRENT PRICES OF CONSTRUCTION MATERIALS 


PLUMBING, HEATING, WATER, SEWER AND DRAIN PIPE 


C.L PIPE VITRIFIED SEWER PIPE—— CLAY DRAIN CONCRETE WROUGHT STEEL PIPE 
TILE SEWER PIPE Full standard weight. + 
Per net ton, Per foot, delivered, ASTM C 13-35 Per 1,000 ft., car- Per ft., delivered; Ito 3in., Butt Weld 34 to 6in., La 
f.o.b, 6in. 8 in., 12 in., 24 in., 36 in., load lots., f.0.b. AS’ T™ C 14-35 Black Galv. Black ; 
to 24 in.* 8.8. 8.8. ds. d.s. 6 in. 8 in. 12 in. 24 in. % % % 
Atlanta.. . $45.00 oa $0. 45dl $1.6251 $4.501 $85.00 $128.00 : $l. 49.5 40.5 47 
Baltimor« ; 48.50 .54 2 7.18 110.00 170.00 .40 60 owes o¥e~s es 
Birmingham 41.00 35 45 a i 85.00 220.00 69.5 
Boston 48.50 224 .432 1 j 99.00 153.00 
Chicayo .50 .245 -4725 2 60.00 120.00 58.75 48.75 55.625 
Cincinnati .00 . 189 . 3645 1 69.00 108 58.75 48.75. 55.625 
Cleveland... .50 . 182 351 1 69.00 108 61 51 : 
Dallas. : ; .00 . 40 s * 160.00 260. 4 69.5 61.5 
105.00 180 a te 50 40 


Denver. .00 .27t .47t 
2375. 82.00 +136. 59.3. 49.3 


Detroit. 50 . 203 3915 
Kansas City 00 .30 54 00 120.00 140. 55 45 
535t 115.50 192. 








me es oe me Re es 





Los Angeles. . 50 .2825t . 508f 

Minneapolis 50 .24t .432t 

Montreal...... 00 

New Orleans. .00 

New York aie 8.00 

Philadely 00 "196 

Pittsburgh. .. 00 . 168 

St. Louis...... .00 sap 

San Francisco. . .00 .29L ; 67L 103 ; 59. 49 52 

Seattle . 50 .420 .63T .55T 85.00 200. 00t 65. 80 ae 66.75 56.3 
*b. & a. c la ae, B and heavier, C/L lots, 200 tons and over. # Discounts from standard list for delivery from warehouse, except Pittsburgh pri: 

lington, N. J. (base) $45.00. Gas pipe and class A; $3 per ton f.o.b. mill. Base vee $200 per net ton. L ist prices Re ft.: din., B4c.; Zin. 11} c. 3 in., 

additional, 4 in., $3 per ton additional. 30 in. and larger usually 17c.; 2in., 37c.; 2} in., 584c.; 3 in., 764 ¢.; 4in., $1.09; 6in., $1.92 

$2 per ton less. « 24 to3in. 2 Resale price to consumer, car load lots shipped from mill. 


f.o.b. T Less 30° in C/L Lots. oe Concrete Culvert pipe reinforced. d Double strength. 1 List to dealers. Llist. t Sales & municipal taxes extra, 


LUMBER AND TIMBER—PER M FT. B.M., CARLOAD LOTS F.O.B. 


57.502 47.502 54.3752 43 
52.372 41. 352 53.392 ) 


~ 69.5 61.5 67 
57.125 47.125 54 


10 
33 
92t 

96 
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———-—-SHORT LEAF YELLOW PINE AND DOUGLAS FIR———-——————. LONG LEAF Y. P. PLYWOOD 
AM § S. L. Y. P. is No. 2 common or better and for No. 1 N. C. Box. (Prices in Bold Face). Mervthantable grade Rail freight increment 
AU Fir planks No. 2common; Fir timber is No.l common. Lengths upto 20 ft. (Prices in italics) up to 20 ft. (See note) 
1x6,8 1x8,8 2x4,8 2x6,8 2x8,8 2x10,8 3x12,8 6x12,8 12x12. 2x12, 12x12,2 56!” x“ 
nts 2 00 8 $21. j 00 $24.00 $26 +33 00 $45. $16.80 $20.50 
Baltimore...... 00 28.50 .50 .00 30. 41.00 rn eri a : 16.45W 20.05W 
2.00 31.00 .50 .50 31. 33.50 $35.50 
Birmingham .... 0o 22.00 .00 00 26. 30. 30.00 
00 26.00 00 00 32 45 : 
Boston 2 002 35. 008 008 51.00: 60 75 . ‘ 
00 35.00 00 40 8.00 
Chicago. ? 
Cincinnati os 
75 
Cleveland...... : 44.00 
Dallas : 50 
00 
Detroit s 


Kansas City.... 





8.90WX 10.80WX 
Minnen >atis. . 1.45 3.95 


Montreal. ..... 





New Orileans.... 
New York esee 
* 


Philadelphia.... : ‘ ; .50 
45 00. 4 00 45. 
Pittsburgh a : 47.05 42 : ‘ 59. 
60 49.60 49 90 66.55 
St. Louis.....*§ ‘ 50 32.00 31 .00 : 47.00 
San Francisco. # 20.50 21.00 21.00 50 22.00 22. 00 
| 16.50 16.50 16.50 15.50 15.50 5.50 21.00 20.00 
8 S4s. B Rough. * All prices delivered. + Yard prices. t Con- Note: Special concrete form Fond Pirwoop, 4’x8’ panels, 5-ply, sanded 2 
tractors in Minneapolis & St. Paul get 15° disc. from list. §5M ft. or less sides, water resistant gut c os. oad lots, delivered, per 1000 sq.ft. surface. 
® At ship's tackle. d10°, Disc. taken off. 1 Long leaf. *% Roofers N.C. Pine. Base price — Seattle: 5 5; &", $72 2.75. For ar centers add rail 
*Spruce. 4 Native. 5 Northern P ine. ® Western Pine. 7’ Pine. * Norway Pine freight increment from £185 “tn proper size. 
* Dec. prices, Jan. prices not available due to strike. Bold face type, Southern W Lower rate by water shipment. X 50,000 lb. minimum. 
Pine. Ttali 8, Do uglas Fir. 


CURRENT BUILDING AND CONSTRUCTION WAGE RATES PER HOUR 


Structural Iron Hoisting ——Common Labor— 150 ; 

Bricklayers Carpenters Workers Engineers Plasterers Building Heavy Const. CONSTRUCTION WAGES Skilled 
Atlanta... .... | $0.40/1.00 $1.25 $1.00/1.25 ot. 00 $0.30/.40 $0.30/.40 Ci 
Raltimore..... 1. 1.10 1.375 1. 25 25 45 45 ENR 20-City Average 
Birmingham. .. 1.00 1.25 .125 I 00 .30/. 40T '30/. 40t 
Boston ___,90/1.375 1.375 1.375 1.625 :60/:80 _.60/.85_ 
Cincinnati i a 2 | 66.O/1.55  3~=«. 3 45 
Chicago 50 50 1.50 .95 
Cleveland.. 25 1.50 “B25 .825 
Dallas 00 1.25 40 . 40 


1 
! 
I 
—— - ee = 
Denver.... 2 1.25 ‘ ; p : 4 
| 
1 
1 


1918 to Date 





Skilled builds ng trades, 
1.00 
average (brick/layers, 
Detroit...... 25 ; .50/. 60 carpenters, ironworkers) 
Kansas City... 25 ; J 
los Angeles. . 125 “| . . 60 


&o sos 





early Averages 


Manneapolis.. . 25 75 
New Oricans. . 1.00 ‘ -30/. .30/.40 
New York 1.50/1.5625 ‘ . 824 50/.80 


i 
Philadelphia... 1. 1.375 1.50 ~40/.50_ 
i 
1 
i 
1 


Wages, Dollars per Hour 


Pittsburgh . .375 1.00 
St. Louis. 

San Francisco. 
Seattle . 


; j .50 

47 1.57/.75 ; ‘ i .35/.78} 
373 oe ; . 87 

ee ; .25 1.2 ; . 80 . 80 
Montreal... .. ' ; .65 .55 ; . 40 35 


Skilled Avg.: (Bricklayers, Carpenters, Ironworkers) $1.240; Common A vg. $0.603. +t PWA. 30 F 1936 1937 


. 60 





